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Abstract 



An aluminum nitride sintered body has characteristics such that an amount of total metal 
elements other than aluminum is smaller than 100 ppm, and a volume resistivity at room 
temperature is greater than 1.0x10<9> OMEGA .cm and is smaller than 1.0x10<13> 
OMEGA .cm. A metal including member has such a construction that a metal member is 
embedded In the aluminum nitride sintered body mentioned above. An electrostatic chuck is 
made by the metal including member mentioned above. In the metal including member 
mentioned above in which the metal member is embedded in the aluminum nitride sintered 
body mentioned above, a volume resistivity thereof can be controlled without adding a low 
resistance material in aluminum nitride. 
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(54) Aluminium nitride sintered bodies and their manufacture 



(57) An aluminum nitride sintered body has charac- 
teristics such that an amount of total metal eiemenls oth- 
er than aluminum is smaller than 100 ppm, and a volume 
resistivity at room temperature is greater than 1 .0X10 9 
O-cm and is smaller than 1 .0X10 13 H-cm. A metal in- 
cluding member has such a construction that a metal 
member is embedded in the aluminum nitride sintered 



body mentioned above. An electrostatic chuck is made 
by the metal including member mentioned above. In the 
metal including member mentioned above in which the 
metal member is embedded in the aluminum nitride sin- 
tered body mentioned above, a volume resistivity there- 
of can be controlled without adding a low resistance ma- 
terial in aluminum nitride. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention $ 

The present invention relates to an aluminum nitride 
sintered body and a method of producing the same, and 
to a metal including member used as a function gradient 
member in which a metal member is embedded in an to 
aluminum nitride sintered body. Moreover, the present 
invention especially relates to an electrostatic chuck 
preferably used in a semiconductor manufacturing ap- 
paratus. 

Related Art Statement 

Generally, an electrostatic chuck is used tor chuck- 
ing a semiconductor wafer in film forming steps of trans- 
ferring, exposing, chemical vapor depositing, and spat- 20 
tering the semiconductor wafer, or in steps of micro-ma- 
chining, washing, etching, and dicing. As a substrate 
member of the electrostatic member, a densrfied ceram- 
ics is noticed. Particularly, in a field of semiconductor 
manufacturing apparatuses a halogen corrosive gas z& 
such as CIF is frequently used as an etching gas or a 
cleaning gas. Moreover, in order to rapidly heat or cool 
the semiconductor wafer while the semiconductor wafer 
is chucked, it is desirable that the substrate member of 
the electrostatic chuck has a high thermal conductivity. 00 
Further, in order not to fracture the substrate member 
due to a rapid temperature variation, it is desirable that 
the substrate member has a thermal shock resistivity. A 
densified aluminum nitride has a high corrosion resistiv- 
ity with respect to the halogen corrosive gas mentioned 55 
above. Moreover, it is known that aluminum nitride has 
a high thermal conductivity and its volume resistivity is 
greater than 10 14 Hem. Further, it is known that alumi- 
num nitride has a high thermal shock resistivity. There- 
fore, it is preferred to form the substrate member of the *o 
electrostatic chuck for the semiconductor manufactur- 
ing apparatus by an aluminum nitride sintered body. 

On the other hand, in the semiconductor manufac- 
turing apparatus, in order to use the electrostatic chuck 
as a suscepter for holding the semiconductor wafer, it is *s 
necessary to decrease a resistivity of the substrate 
member. For example, in Japanese Patent Publication 
No. 7-19831, in order to improve a chucking property of 
the electrostatic chuck : a volume resistivity of an insu- 
lation dielectric layer of the electrostatic chuck is de- SO 
creased to smaller than 10 13 fl-cm by mixing a conduc- 
tive material or a semiconductive material into an insu- 
lation member having a high volume resistivity. Moreo- 
ver, in Japanese Patent Laid-Open Publication No. 
2-22166, ceramis raw materials made of alumina as a ss 
main ingredient are sintered under a reduction atmos- 
phere to produce a dielectric ceramic for the electrostat- 
ic chuck. In this case, 1 -6 wt% of alkali earth metal and 
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0.5-6 wt% of transition metal, both shown as a weight 
of oxide, are included in the ceramic raw materials. In 
this method, for example, a dielectric rate is improved 
by mixing Ti0 2 into alumina ceramics and a volume re- 
sistivity is decreased to 10 12 *10 18 ft.cm, to obtain a high 
chucking property. 

However, a volume resistivity of a highly purified 
alumina nitride sintered body is greater than 10 14 il-cm. 
and thus it is too high lo use as the substrate member 
of the electrostatic chuck for the semiconductor manu- 
facturing apparatus. In this case, in order to obtain a suf- 
ficient chucking property, it is necessary to form an ex- 
tremely thin insulation dielectric layer having a thickness 
smaller than 300 um. However, if the insulation dielectric 
layer is thin as mentioned above, there is a possibility 
of generating an insulation fracture and so on from one 
of reaction layers in a surface of the insulation dielectric 
layer. From this point of view, we understand that it Is 
preferred to make a thickness of the insulation dielectric 
layer greater than 500 jim. 

However, in the known electrostatic chuck made of 
aluminum nitride, if the insulation dielectric layer is made 
thick as mentioned above, a chucking property of the 
electrostatic chuck is decreased, and thus it is difficult 
to obtain a sufficient chucking property particularly in a 
low temperature region in which a volume resistivity is 
high. Usually, a dry etching process is performed under 
a low temperature of -50 a C — -60°C, and a highly den- 
sified plasma CVD process is performed at about 
100°C. In these low temperature process, it is difficult 
to obtain a predetermined chucking property stably. 

In the electrostatic chuck in which aluminum nitride 
is used for a material of the substrate member, we think 
it is effective to add a metal member having a low resis- 
tivity in the substrate member as shown in Japanese 
Patent Publication No. 7-1 9831 . However, in the elec- 
trostatic chuck mentioned above, the metal member 
having a low resistivity and so on are detached from a 
surface of the substrate member, and thus there is a 
possibility of being a cause of semiconductor pollution. 
Therefore, it is not preferred to use the electrostatic 
chuck mentioned above for a highly purified semicon- 
ductor process such as a process for 8 inch wafer. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electrostatic chuck which can be used in a wide temper- 
ature range from a low temperature. of e.g. -60° C to a 
high temperature of over 300°C, which has a stability 
with respect to a corrosive substance such as halogen 
corrosive gas or plasma, and which can reduce or min- 
imize removal of metal and so on from a substrate mem- 
ber thereof. 

Another object of the present invention is to provide 
a metal including member which can be preferably used 
as an electric apparatus in a process i.e. a semiconduc- 
tor manufacturing process using an electrostatic chuck 
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and son on which requires a use of highly purified sub- 
strate members. 

Still another object of the present invention is to pro- 
vide an aluminum nitride sintered body in which an 
amount ot metal impurities is small and a volume resis- 5 
tivity thereof is low. 

According to the invention, an aluminum nitride sin- 
tered body comprises characteristics such that an 
amount of total metal elements other than aluminum is 
smaller than 100 ppm, and a volume resistivity at room 10 
temperature is greater than 1 .Ox 1 0 9 fl-cm and is smaller 
than 1.0x10 l3 ft.cm. 

Moreover, according to the invention, an aluminum 
nitride sintered body comprises characteristics such 
that an amount of total metal elements other than alu- 75 
minum is smaller than 100 ppm, and a g-value of un- 
paired electrons is smaller than 2.0000 on a spectrum 
of aluminum nitride measured by an electron spin reso- 
nance method. 

Moreover, according to the invention, an aluminum *° 
nitride sintered body comprises characteristics such 
that an amount of total metal elements other than alu- 
minum is smaller than 100 ppm, and an amount of spin 
per unit mg of aluminum obtained from a spectrum on 
an electron spin resonance method is greater than sb 
5xt 0 1 2 spin. 

Moreover, according to the invention, an aluminum 
nitride sintered body comprises characteristics such 
that an amount ot total metal elements other than alu- 
minum is smaller than 100 ppm, and a main peak ot a 30 
spectrum measured by a cathode luminescence meth- 
od exists in a wavelength region from 350 nm to 370 nm. 

Further, according to the invention, a metal includ- 
ing member comprises a construction such that a metal 
member is embedded in a substrate member made of 35 
an aluminum nitride sintered body, said metal member 
and said substrate member are integrally sintered, and 
a part of said substrate member is made of the alumi- 
num sintered body mentioned above. 

The inventors performed an examination having the *o 
steps of forming highly purified aluminum nitride pow- 
ders in which a metal member is included to obtain a 
formed body, and sintering integrally the thus obtained 
formed body by means of a hot press method. During 
this examination, we found that a volume resistivity of 45 
the substrate member made of aluminum nitride, to 
which at least one side of the metal member is contact- 
ed, is extremely decreased, and the phenomena lead to 
the present invention. The phenomena are not known 
until now in the highly purified aluminum nitride sintered so 
body. 

In the metal including member according to the in- 
vention, the aluminum nitride formed body and the metal 
member arranged therein are integrally formed, and 
thus, in the metal including member, the substrate mem- 55 
ber made of aluminum nitride is substantially divided by 
the metal member embedded therein. In this case, the 
aluminum nil ride sintered body having an extremely low 



volume resistivity is found at a first portion to which at 
least one side of the metal member is contacted. In this 
embodiment, since the aluminum nitride loaned body 
and the metal member are integrally sintered, it is not 
possible to control in such a manner that only the first 
portion has a low volume resistivity by adding a low re- 
sistance material such as metal in the first portion. In 
the metal including member according to the invention, 
a base chemical composition of aluminum nitride is 
maintained at overall portions of the substrate member 
and thus a removal of the low resistance material from 
the aluminum nitride substrate member can be eliminat- 
ed completely. Therefore, the metal including member 
can be used preferably in the semiconductor manufac- 
turing apparatus in which such a removal of the tow re- 
sistance material must be eliminated. 

The metal including member according to the inven- 
tion can be applied to various purposes which use the 
member in which the metal member is embedded in the 
substrate member made of aluminum nitride, and can 
be preferably used as an electrode embedded member 
used under an environment in which impurities must be 
eliminated. As one example of such purposes, ceramic 
electrostatic chuck, ceramics heater, and high frequen- 
cy electrode apparatus can be shown, and, particularly, 
the metal including member according to the invention 
can be preferably applied to the electrostatic chuck. 

In the case of using the metal including member ac- 
cording to the invention as the electrostatic chuck, since 
a volume resistivity of the first portion is smaller than 
1.0X10 13 O-cm at room temperature, it is possible to 
improve a chucking property of the electrostatic chuck. 
In this case, if an thickness of the first portion using as 
an insulation dielectric layer is made greater than 500 
lim. it is possible to obtain a sufficient chucking property. 
This is because, even in that case, electric charges ap- 
pear on a surface of the insulation dielectric layer from 
the electrode. Therefore, according to the invention, it 
is possible to chuck and hold a large semiconductor wa- 
fer over 8 inch stably in a wide temperature range from 
a low temperature such as -60°C to a high temperature 
such as over 300*C. 

Since the substrate member of the metal including 
member is integrally sintered with the metal member 
embedded in the formed body, the chemical composi- 
tion of aluminum nitride which consists the substrate 
member are not basically varied at between the first por- 
tion and the second portion. Here, in the case of using 
the highly purified aluminum powders mentioned above, 
it is possible to obtain the aluminum sintered body hav- 
ing a relative density of over 95.0% by sintering integral- 
ly by means of the hot press method. 

In the present invention, the metal including mem- 
ber may be obtained by preparing an aluminium nitride 
raw material having an amount of total metal elements . 
other than aluminum of smaller than 100 ppm, forming 
the thus prepared aluminum nitride raw material to ob- 
tain a formed body : embedding a metal member in the 
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thus obtained formed body to obtain a metal including 
formed body, and sintering the thus obtained metal in- 
cluding formed body under a temperature of 1850°C- 
220Q°C. In the metal including member, the substrate 
member is substantially divided into the first portion and 
the second portion by the metal member. Actually, the 
second portion was cut out from the substrate member, 
and a volume resistivity of the second portion was meas- 
ured at room temperature. As a result, measured vol- 
ume resistivities are in a range of 3.0X10 13 — 1.0X1 0 14 
Q-cm. 

At the same time, the firsl portion was cut out from 
the substrate member, and a volume resistivity of the 
first portion was measured at room temperature. As a 
result, measured volume resistivities are decreased un- 
der 1.0X10 13 H'Cm. That is to say, a volume resistivity 
ol the firsl portion is decreased by 10— 100 times as 
compared with that of the second portion. Moreover, a 
volume resistivity of the first portion does not become 
under 1X10 9 Q-cm. 

In order to use the metal including member as a 
function gradient member ; it is preferred to set a ratio of 
a volume resistivity between the first portion and the 
second portion to 1:10 or more. 

In raw materials made of aluminum nilride powders, 
it is better to minimize an amount of metal elements oth- 
er than aluminum, and an amount of metal elements oth- 
er than aluminum is preferably under 100 ppm. Here, a 
term of "metal elements other than aluminum* means 
metal elements belonging to I a— Vila, VIII, I b, or II b 
group in the periodic law table and also a part of ele- 
ments (Si. Ga, Ge, etc) belonging to III b, or IV b group. 

In the present invention, the metal member is em- 
bedded in the aluminum nitride formed body. In this step, 
the following method can be utilized. 

Method (1): A preliminary formed body is produced, 
and a metal member is arranged on the preliminary 
formed body. Then, ceramics powders are filled on 
the preliminary formed body and the metal member 
in a press machine, and then a uniaxial pressure is 
applied In the press machine to obtain the formed 
body. 

Method (2): Two plate-like formed bodies are pro- 
duced by a cold isostatic press method, and a metal 
member is sandwiched by two plate-like formed 
bodies. Under such a condition, two plale-like 
formed bodies and the metal member are hot- 
pressed. 

The metal member is lormed preferably by a plate- 
like metal bulk member. In the case that the metal in- 
cluding member is an electrostatic chuck the metal 
member is a plate-like electrode made of the metal bulk 
member. Here, a term "plate-like metal bulk member" 
means a member formed by arranging a metal wire or 
a metal plate in a plale-like shape as shown in Figs. 2 
and 3 without arranging the metal wire or the metal plate 



in a spiral shape or a zigzag shape. 

Since the metal member is integrally sintered with 
the aluminum nitride powders, the metal member is 
formed preferably by a metal member haying a high 
5 melting point. As the metal member having a high melt- 
ing point, use is preferably made of tantal, tungsten, mo- 
lybdenum, platinum, rhenium, hafnium or an alloy of 
these elements mentioned above. From the view point 
of semiconductor pollution, it is further preferred to use 
10 tanlal, tungsten, molybdenum, platinum or an altoy of 
these elements mentioned above. As for a work 
chucked by the electrostatic chuck, an aluminum wafer 
is shown other than the semiconductor wafer. 

In order to produce the metal including member ac- 
is cording to the invention, it is preferred that Ihe metal 
member is a metal bulk member and that, in the formed 
body, a thickness of the first portion is smaller than that 
of the second portion. In this case, the thicknesses of 
the first portion and the second portion mean a thickness 
20 viewed perpendicularly from a surface of the metal bulk 
member. It is preferred to set a ratio of thickness be- 
tween the first portion and second portion to 1:2 — 1:50. 

Moreover, a volume resistivity ot the first portion is 
further decreased if a thickness of the first portion is 
2B preferably set to smaller than 10 mm. In order to produce 
the metal including member as a function gradient mem- 
ber, it is preferred to set a thickness of the second por- 
tion to greater than 10 mm, preferably greater lhan 20 
mm. An upper value of the thickness is not limited here, 
30 but is determined according to a size of the metal includ- 
ing member. Moreover, it is further preferred 1o set a 
thickness of the first portion after sintering to greater 
than 1.0 mm and smaller than 10.0 mm, preferably 
greater than 1.0 mm and smaller than 5.0 mm. 
3$ From the view point of a stability on an actual man- 
ufacturing, it is prelerred to set a thickness of the first 
portion and a thickness of the second portion to greater 
than 3.0 mm. 

Preferably, in the metal including member men- 
40 tioned above : the metal member is sintered integrally 
with the aluminum nitride formed body under such a 
condition that both of the thicknesses of the first portion 
and the second portion are set to smaller than 5 mm. In 
this case : both of volume resistivities of the first portion 
^5 and the second portion may be decreased under 
1X10 13 ft.cm. 

In order to further decrease these volume resistivi- 
ties, it is further preferred to set a thickness of the first 
portion to smaller than 4.0 mm. 
so in the case of producing the metal including mem- 
ber according to the invention, it is preferred that the 
metal member is the plate-like metal bulk member and 
that the integral sintering is performed under such a con- 
dition that a pressure is applied perpendicularly with re- 
55 spect to a surface of the plate-like metal bulk member. 
In this case, in order to produce the metal including 
member as the function gradient member, it is preferred 
to set a ratio of thickness between the first portion and 
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the second portion to 1:3 or more, particularly 1:5 or 
more, so as to make a difference of volume resistivity 
between the first portion and the second portion suffi- 
ciently larger as the function gradient member. In this 
case, an upper value of the thickness ratio does not exist s 
theoretically, but, from the view point of an actual man- 
ufacturing, it is preferred to set the ratio of thickness be- 
tween the first portion and the second portion to 1:60 or 
less. 

As the plate-like metal bulk member, the followings 10 
are shown. 

(1) A plate-like metal bulk member made of a thin 
plate. 

(2) A bulk member in which a plurality of small spac- is 
es are formed in a plate-like electrode. This includes 

a bulk member in which a plurality of small holes 
are formed In a plate-like member, and a bulk mem- > 
ber made of a net. As the plate-like member having 
a plurality of small holes, use is made of a punching ?o 
metal. In the case of using the punching metal made 
of a metal having a high melting point, since the 
metal having a high melting point is hard, it is difficult 
to form a plurality of small holes in the plate-like 
member having a high melting point by punching, ss 
and thus a machining cost becomes extremely high- 
er. On the other hand, if use is made of the bulk 
member made of the net, it is easy to prepare a wire 
member made of a metal having a high melting 
point, and thus the metal net is easily formed by knit- 30 
ting the wire members. 

In this case, a mesh shape of the metal net and a 
wire diameter are not limited here. However, the metal 
including member satisfying a condition of wire diame- 35 
ter: 0.03 mm, 150 mesh — wire diameter: 0.5 mm, 6 
mesh can be used with no problem. Moreover, a cross 
sectional shape ol the wire member which constructs 
the metal net may be circular, ellipse, rectangle or the 
other various rolled shape. Here, 1 mesh means 1 per <*o 
1 inch. 

When the formed body covering the metal member 
is sintered under pressure, a sintering temperature is 
preferably 1850~2200°C according to the invention. In 
this case, it is preferred to set a pressure during sintering «*£ 
to greater than 50 kgf/cm 2 , preferably greater than 1 00 
kgf/cm 2 . A volume resistivity of the first portion depends 
on sintering temperature, pressure, and a time main- 
tained at a sintering temperature i.e. a highest temper- 
ature during sintering (keep time). In this case, a volume so 
resistivity of the first portion cut out from the sintered 
body can be controlled in a range of 1.0X10 13 Cl-cm — 
1.0X10 9 n-cm by suitably selecting pressure, sintering 
temperature and keep time within the above mentioned 
ranges. 5 ^ 

In order to produce the metal including member cer- 
tainly, it is preferred lo set a sintering temperature to 
greater than 1 900°C. Moreover, an upper limit of a sin- 



tering temperature is 2200°C. since a deterioration of 
the metal member is liable to be generated if a sintering 
temperature exceeds 2200° C. 

Moreover, as a time lor integrally sintering the 
formed body, it is desirable to perform a sintering at least 
for 5 hours under a sintering temperature of greater than 
1 850°C and not greater than i 9O0°C. Even in a sintering 
temperature of greater than 1900° C and not greater 
than 2000° C, it is desirable to keep for 2 hours or more 
at a highest temperature (sintering temperature). Fur- 
ther, if the keep lime is made more than 3 hours, pref- 
erably more than 5 hours, a volume resistivity is further 
decreased. At a sintering temperature of greater than 
2000° C, a volume resistivity is decreased by keeping 
for 1 hour or more at a highest temperature. From the 
view point of an actual productivity on a sintering fur- 
nace, it is preferred to set these keep times to 30 hours 
or less. 

In the case of applying the present invention to the 
electrostatic chuck : it is possible to use an electrode as 
an electrode for plasma generation by connecting a high 
frequency power source to electrodes of the electrostat- 
ic chuck, and supplying a high Irequency voltage to the 
electrodes log ether with a DC voltage. In this case, if 
the electrodes are for example made ol tungsten and a 
frequency is 1 3.56 MHz, it is desirable to set a thickness 
of the electrode to 430 u.m or more. However, since it is 
difficult to form the electrode having such a thickness by 
the screen printing method, the electrode is formed by 
the metal bulk member. Moreover, if a thickness of the 
insulation dielectric layer is within a range of 0.5 mm ~ 
5.0 mm : a self -heating due to a dielectric loss is not so 
large, and thus it is possible to use as the high frequency 
electrode. 

In the present invention, the electrostatic chuck 
electrode or the high frequency electrode and so on of 
the electrostatic chuck or the electrode apparatus for 
generating plasma, which uses the aluminum nitride sin- 
tered body in which a total amount of metal elements 
other than aluminum is under 100 ppm and a volume 
resistivity is greater than 1.0X10 6 Q-cm and smaller 
1.0X10 13 n.cm, as the substrate member, may be 
formed by the screen printing method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view showing schemati- 
cally a part of an electrostatic chuck to which the 
present invention is applied; 

Fig. 2a is a perspective view illustrating a cross sec- 
tion of the electrostatic chuck shown in Fig. 1 , and 
Fig. 2b is a perspective view depicting an electrode 
made of a metal net; 

Fig. 3a is a perspective view showing a punching 
metal preferably used as the electrode, Fig. 3b is a 
plan view illustrating a circular thin plate which can 
be used as the electrode, and Fig. 3C is a plan view 
depicting a thin plale which can be used as the elec- 
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trode; 

Fig. 4 is a cross sectional view showing schemati- 
cally a part of the electrostatic chuck with heater to 
which the present invention is applied; 
Figs. 5a and 5b are schematic views illustrating re- s 
spectrvely positions of respective sintered bodies in 
a metal including member according to the inven- 
tion; 

Figs. 6a, 6b and 6c are schematic views depicting 
respectively positions of respective sintered bodies to 
in the metal including member according to the in- 
vention; 

Fig. 7 is a schematic view showing positions of re- 
spective sintered bodies in the metal including 
member according to the invention; is 
Fig. Q is a schematic view for explaining a relation 
between a g-value of ESR spectrum and a coupling 
state of aluminum with the other elements; 
Fig. 9 is a schematic view for explaining a theory of 
a cathode luminescence; 20 
Fig. 1 0 is a cross sectional view for explaining a hot 
press method used preferably for producing a metal 
including member according to the invention; 
Fig. 11 is a graph showing a measured cathode lu- 
minescence spectrum of an aluminum nitride sin- 2s 
tered body according to the invention; 
Fig. 1 2 is an SEM microphotograph illustrating a ce- 
ramics structure of the aluminum nitride sintered 
body according to the invention; 

Fig. 13 is a graph depicting a measured cathode 00 
luminescence spectrum of an aluminum nitride sin- 
tered body : in which 5 wt% of yttria is added, ac- 
cording to a comparative example; and 
Fig. 14 is an SEM microphotograph showing a ce- 
ramics structure of the aluminum nitride sintered 35 
body, in which 5 wt% of yttria is added, according 
to the comparative example. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 

Hereinafter, the present invention will be explained 
with reference to the drawings. 

Fig. 1 is a cross sectional view showing schemati- 
cally one embodiment of an electrostatic chuck. Fig. 2a 
is a perspective view illustrating a cut-out portion of the 
electrostatic chuck shown in Fig. 1 , and Fig. 2b is a per- 
spective view depicting an electrode 3 made of a metal 
net. 

In these embodiments, a flange Ic having a ring 
shape is arranged on a side circumference surface Id of so 
a substrate member 1 having a substantially disc shape. 
An electrode 9 made of a metal net 3 is embedded in 
the substrate member 1. A semiconductor wafer 6 is 
held on a holding surface la. An insulation dielectric lay- 
er (first portion) 4 having a predetermined thickness is s & 
formed between the holding surface la and the electrode 
9. A terminal 10 is embedded in a supporting portion 8 
of the substrate member 1 . One end of the terminal 10 



is connected to the electrode 9, and the other end of the 
terminal 10 is exposed at a rear surface lb of the sub- 
strate member 1 . Through holes 2, through which a pin 
for elevating the semiconductor wafer 6 is arranged: are 
formed in the substrate member 1 at a predetermined 
position. 

A positive electrode of a DC power source 7 is con- 
nected to the terminal 1 0 via an electric wire 5A. and a 
negative electrode of the DC power source 7 is connect- 
ed to the semiconductor wafer 6 via an electric wire SB. 
In these embodiments, the electrode 9 is formed by the 
metal net 3 shown in Figs. 2a and 2b. The metal net 3 
comprises a circular wire 3a and a wire 3b arranged 
crosswise in the circular wire 3a. A mesh 13 is formed 
by the wire 3b. 

Fig. 3a is a perspective view showing a punching 
metal 14 which can be used for the electrode 9. The 
punching metal 14 has a circular shape. A plurality of 
holes 14b are formed in the punching metal 14 like a 
checkerboard pattern. Fig. 3b is a perspective view il- 
lustrating a circular thin plate 15 which can be used for 
the electrode 9. Fig. 3c is a plan view depicting a thin 
plate 16 which can be used for the electrode 9. Slit-like 
cut-out portions 1 6b and 1 6c are formed in the thin plate 
16. In this embodiment, three slit-like cut-out portions 
1 6b and three slit -like cut-out portions 1 6c are arranged 
alternately in a parallel manner. The slit -like cut-out por- 
tion 16b is opened downward in Fig. 3c, and the slit-like 
cut-out portion 16c is opened upward in Fig. 3c. There- 
fore, a narrow conductive line is formed in the thin plate 
16. A terminal is connected to both ends 16a of the con- 
ductive line. 

Fig. 4 is a cross sectional view showing schemati- 
cally another embodiment of the electrostatic chuck. In 
Fig. 4, portions similar to those of Fig. 1 are denoted by 
the same reference numerals in Fig. 1 . and explanations 
of those portions are omitted here. In this embodiment, 
a resistance heating member 21 is embedded in the 
supporting portion 8. A terminal 22 is connected to both 
ends of the resistance heating member 21. A cable 23 
for feeding an electric power is connected to the termi- 
nals 22. The cable 23 Is connected to a power source 
not shown. 

The inventors further discussed in detail the reason 
for obtaining a sintered body having an extremely low- 
ered volume resistivity from the insulation dielectric lay- 
er (first portion). During this discussion, the inventors 
found that a portion having an extremely lowered vol- 
ume resistivity is generated in at least one side of the 
metal member by embedding a plate-like metal member 
made of molybdenum in a formed body : applying a pre- 
determined pressure in a vertical direction with respect 
to a surface of the plate-like metal member, and sinter- 
ing the formed body integrally under predetermined 
temperature, pressure, keep time, and so on. This 
cause is not clear. 

The inventors performed an element analysis with 
respect to the first portion and the second portion of the 
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aluminum sintered body as the substrate member to 
which the surfaces of the metal member made of mo- 
lybdenum are respectively connected. As a results, it is 
found that molybdenum is a trace both in the first portion 
and the second portion. That is to say, it is confirmed 5 
that a conductivity increase is not performed by an in- 
clusion of molybdenum into aluminum nitride. 

However, such a possibility that a very little amount 
of molybdenum exits in a boundary of an aluminum ni- 
tride crystal and this phenomenon varies an energy 10 
band is not denied. Moreover, there is a possibility that 
a little amount of carbon or oxygen included in the metal 
member made of molybdenum before sintering is dif- 
fused toward a surface of the first portion during sinter- 
ing or diffused toward the metal member made of mo- is 
lybdenurrv and this phenomenon provides some influ- 
ence. 

Particularly, there is a case that the aluminum ni- 
tride sintered body having an extremely low volume re- 
sistivity is generated on both surfaces of the metal mem- 
ber and the metal member is included in the aluminum 
nitride sintered body having an extremely low volume 
resistivity. For example, the embodiments shown in 
Figs. 5a. 6a, 6b, 6c and 7, correspond to this case. In a 
structure that the metal member is included in the alu- ss 
minum nitride sintered body as the substrate member, 
the metal member acts as some defects with respect to 
aluminum nitride. Therefore, in the case of heating the 
metal including member rapidly to a high temperature 
or in the case of subjecting the metal including member 00 
to a heat cycle between a tow temperature and a high 
temperature, the substrate member is liable to be frac- 
tured at a neighborhood of the metal member. However, 
in a structure that the metal member is included in the 
aluminum nitride sintered body according to the inven- 35 
tion in which a volume resistivity is low and a structure 
is densified, the metal member is not fractured due to a 
thermal shock. 

The inventors produced many metal including 
members under various conditions by using various ap- *o 
paratuses. and discussed in detail aboul the first portion 
and the second portion cut outf rom the aluminum nitride 
sintered body. The results will be explained with refer- 
ence to Figs. 5a, 5b, 6a-6c and 7. 

In a metal including member 25A shown in Fig. 5a, 
a metal member 26 is embedded in the substrate mem- 
ber, and an outer circumferential portion 27A thereof is 
constructed by a lightbrown or white-yellow sintered 
body, while a black-brown or black sintered body 28A is 
generated in the lightbrown or white-yellow sintered SO 
body. In a metal including member 25B shown in Fig. 
5b, the metal member 26 is embedded in the substrate 
member, and an outer circumferential portion 27B there- 
of is constructed by a lightbrown or white -yellow sintered 
body, while a black-brown or black sintered body 2SB is 55 
generated in the lightbrown or white-yellow sintered 
body. A surface of the metal member 26 at the insulation 
dielectric layer side is brought into contact with the light- 



brown or white-yellow sintered body 27 B, and a surface 
of the metal member 26 at the supporting portion side 
is brought into contact with the black-brown or black sin- 
tered body 28B. 

In the lightbrown or white-yellow sintered body 
mentioned above, a volume resistivity at room temper- 
ature is greater than 1.0X10 9 Q-cm and smaller than 
1.0X10 13 Q-cm, a g-value of unpaired electrons is 
smaller than 2.0000 on a spectrum of aluminum nitride 
measured by an electron spin resonance method, and 
an amount of spin per unit mg of aluminum obtained 
from a spectrum on an electron spin resonance method 
is greater than 5X10 12 spin. Moreover, it is preferred 
thai a relative density of the aluminum nitride sintered 
body is greater than 99.5%. By analyzing a crystal struc- 
ture of the aluminum nitride sintered body it is found 
that there is an aluminum nitride main crystal phase and 
a circular ALON phase, but there Is not a so-called 27R 
phase (AI 2 0 3 -7 phase). 

It is preferred that an amount of spin of the alumi- 
num nitride isgreaterthan6.0xi0 12 epin/mg, especially 
greater than 6.9X1 0 1 2 spin/mg. It is further preferred 
that a volume resistivity of aluminum nitride at room tem- 
perature is greater than 8.0xl0 12 n-cm. It is further pre- 
ferred that a g-value of unpaired electrons of aluminum 
nitride is smaller than 1 .9990. 

On the other hand : in the black-brown or black sin- 
tered body mentioned above, a volume resistivity at 
room temperature is greater than 1.0X10 13 n*cm, a g- 
value ol unpaired electrons is greater than 2.0040 
(smaller than 2.0065), and an amount of spin is smaller 
than 4.5X1 0 1 2 spin/cm (preferably smaller than 
4.2X1 0 12 spin/cm). Moreover, it is preferred that a rel- 
ative density is greater than 99.0%, especially greater 
than 99.5%. 

In this case, a main crystal phase is aluminum ni- 
tride, but the ALON phase is generated as a sub-crystal 
phase. Typically, in aluminum nitride mentioned above, 
ALON grains having a grain size of about 0.1 pm are 
generated in the aluminum nitride grains having a par- 
ticle size of 3—3 pm. 

Both in the lightbrown or white-yellow sintered body 
and in the black-brown or black sintered body, a lattice 
constant thereof does not differ with each other. That is 
to say, a specific relation between kinds of crystal phas- 
es other than the aluminum nitride crystal phase and a 
volume resistivity is not detected. Moreover, a mean 
size of the aluminum nitride grains particles is smaller 
than 3 |im in the black-brown or black sintered body and 
is 3—4 pm in the lightbrown or white-yellow sintered 
body, and thus they do not differ with each other sub- 
stantially. 

It is generally understood that an insulation resist- 
ance of ceramics is decreased, if the grain size becomes 
larger This is because, if the grains become larger in 
the case that a resistance of the grain boundary is great- 
er than that of the grain, the number of the boundaries 
is decreased, and a total resistance is decreased corre- 
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spondingly. However, in highly purified aluminum nitride 
according to the invention, even if the grain sizes of the 
first portion and the second portion are substantially 
same, a volume resistivity is varied therebetween. This 
is contrary to the general knowledge. Therefore, it is un- s 
derstood that a variation of volume resistivity of alumi- 
num nitride not only depends on kind and grain size of 
the crystal phase, but also depends on a defect in the 
aluminum nitride crystal phase and a defect of the 
boundary. io 

In a meial including member 25C shown in Fig. 6a, 
an outer circumferential portion of the substrate member 
is formed by a lightbrown or white-yellow sintered body 
27C, and a white or white-gray sintered body 29A is 
formed in the lightbrown or white-yellow sintered body is 
27C. The metal member 26 is included in the sintered 
body 27C. Also, in metal including member 25D or 25E 
shown in Fig. 6b or Fig. 6c, an outer circumferential por- 
tion of the substrate member is formed by a lightbrown 
or white-yellow sintered body 27D or 27 E, and a white 80 
or white-gray sintered body 29 B or 29C is formed in the 
sintered body 27D or 27E. The metal member 26 is in- 
cluded in the sintered body 27D or 27E. A volume of 
portion occupied by the white or white-gray sintered 
body (29A, 29B or 29C) is largest in the embodiment 2S 
shown in Fig. 6b, while second largest is Fig. 6a and 
third largest is Fig. 6c. 

In a metal including member 25F shown in Fig. 7, 
an outer circumferential portion of the substrate member 
is formed by a lightbrown or white-yellow sintered body 30 
27F, and a white or white-gray sintered body 29D is 
formed in the sintered body 27F A surface of the metal 
member 26 at the insulation dielectric layer side is 
brought into contact with the lightbrown or white-yellow 
sintered body 27F. A surface of the metal member 26 at 35 
the supporting portion side is brought into contact with 
a black-brown or black sintered body 28C which is con- 
tinued to a white or white-gray sintered body 29D. 

The lightbrown or white-yellow sintered body 27F 
mentioned above has a relative density of greater than *o 
99.5%, a mean grain size of greater than 5 urn, a volume 
resistivity of 1x1 0 9 ~ 1X10 12 n-cm, an amount of spin 
of greater than 5x 1 0 12 spin/mg and a g-value of smaller 
than 2.000. Moreover, the crystal phase of the sintered 
body 27F is 27R phase. The sintered body 27F has *s 
characteristics similar to those of the lightbrown or 
white-yellow aluminum nitride sintered body mentioned 
above. However, since the crystal phase thereof is 27R 
phase and a mean grain size is little larger, there is a 
tendency that a volume resistivity is slightly decreased so 
as compared with the aluminum nitride sintered body 
mentioned above. 

In the aluminum nitride sintered body 27F. a micro- 
structure and an electric characteristics thereof are sub- 
stantially same as those of the aluminum nitride sintered ss 
body mentioned above, but a sintering proceeds slightly 
and a grain size becomes slightly larger. Therefore, it is 
assumed that a volume resistivity is decreased cone- 



spondingly and a crystal phase is varied. 

The white or white-gray sintered body 29D has a 
volume resistivity at room temperature of greater than 
8.6X1 0 13 ft-cm, a g-value of unpaired electrons of 
smaller than 1 .99B1 . and an amount of 9.5X1 0 spin/mg. 
Moreover, a relative density of the sintered body is 
smaller than 99.5% and is normally 97.5%~99.0%. 

Therefore, in the white or white -gray sintered body 
29D, ESR (Electron Spin Resonance) characteristics 
are substantially same as those of the lightbrown or 
white-yellow sintered body in which a volume resistivity 
is extremely decreased, but it is assumed that a volume 
resistivity is increased due to a generation of voids. Par- 
ticularly, in the case of sintering in a high temperature, 
a vapor of inside CO gas and so on is generated in the 
second portion (supporting portion) which has a relative- 
ly larger volume, and thus voids are generated in the 
sintered body. Even if a microstructure of the sintered 
body is same, a color of the sintered body looks like a 
black or a black-gray in the case of a low porosity and 
also looks like a white or white-gray in the case of a high 
porosity. The sintered body mentioned above some- 
times includes 27R phase. However, whether 27R 
phase is included or not depends or a sintering temper- 
ature. If a sintering is performed in a high temperature, 
27R phase is liable to be generated. 

A g-value of upaired electrons and an amount of 
spin on a spectrum measured by the electron spin res- 
onance method (ESR method) show a structure of de- 
fects in a crystal phase or a boundary of aluminum ni- 
tride. 

This theory will be explained shortly. In the unpaired 
electrons under a magnetic field, an energy level is split 
due to Zeeman effect. This energy level reacts sensi- 
tively with a reciprocal action of an orbit movement of 
electrons and a nuclear magnetic efficiency of neighbor 
electrons. In the ESR method, it is possible to obtain 
information about an atom neighboring the upaired elec- 
trons or a chemical coupling and so on by measuring 
the split energy level. 

In aluminum nitride, a g-value of upaired electrons 
of aluminum Is varied corresponding to a crystal field in 
which upaired electrons exist. This g-value is 2.0000 
theoretically in a free electron, and is 2.002316 after a 
relativity correction. At atom and N atom in the alumi- 
num nitride crystal has a wurtzite structure having four 
coordinations. Therefore, SP3 hybridized orbital is con- 
structed by one aluminum atom and three nitrogen at- 
oms. It is known from an amount of spin of respective 
samples where unpaired electrons in the lattice defects 
exists in the crystal coordination or what kind of atoms 
exists near the unpaired electrons. 

If a kind of atoms coupled with M atom having un- 
paired electrons is varied, an amount of spin of the un- 
paried electrons and a g-value are largely varied. A large 
variation of g-value is due to a variation of a kind of at- 
oms coupled with aluminum. That is to say, if a kind of 
coupled atom is varied from nitrogen atom to carbon at- 
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om or aluminum atom, a g-value and an amount of spin 
is largely varied. In Si atom having four coordinates, it 
is reported that the same variation of spin amount oc- 
curs (*ESR estimation method of materials', IPC Pub- 
lishing, page 57). s 

Remarkable variations of a g-value and an amount 
of spin obtained in this measurement are thought to be 
originated from a variation of a kind of atoms coupled 
with aluminum at for coordinations. That is to say. alu- 
minum atom is coupled with aluminum atom. 10 

As shown in Fig. 8, in the case that three nitrogen 
atoms are coupled with aluminum, if the nitrogen atoms 
coupled with aluminum are substituted by aluminum a 
g-value becomes larger and a half-width becomes 
smaller i.e. a width of peak becomes smaller and the is 
peak becomes sharp. 

It is understood that a g-value is varied if the number 
of nitrogen atoms coupled with aluminum is varied. 
Here, since carbon atoms and oxygen atoms exist in the 
aluminum nitride crystal phase, it is assumed that a car- 20 
bon atom or an oxygen atom is substituted by a nitrogen 
atom. If a carbon atom or an oxygen atom is substituted 
by a nitrogen atom, a g-value is decreased and thus a 
substitution rate of atoms should be extremely low. 

In the lightbrown or white-yellow sintered body, a g- & 
value of peak is smaller than 2.0000. In addition, the 
peak is broad and a half-width is large. In the sintered 
body mentioned above, it is assumed that an oxygen is 
solid-soluted in the aluminum nitrogen crystal i.e. O 2 * is 
substituted at N 3 * site and Af*+ is removed. 30 

If an absorption peak on ESR spectrum of respec- 
tive sintered body is compared with each other, the light- 
brown and white -yellow sintered body has the largest 
absorption strength and has a wide half-width. It is as- 
sumed that the largest conductive electron are trapped 3$ 
or collected in the lattice defects mentioned above and 
the thus trapped or collected conductive electrons are 
contributed to a decrease of electric resistance. 

In order to further make clear the reason, the inven- 
tors measured a cathode luminescence spectrum with *o 
respect to the lightbrown or white-yellow sintered body. 

A cathode luminescence Is generally one kind of re- 
flection waves from a specimen to which electrons are 
emitted. As shown in Fig. 9 as a schematic view : an ex- 
citation electron is exited from a valence band to a con- *S 
duction band and a positive hole is generated in the va- 
lence band. In this case, an emission luminescence cor- 
responding a band gap between the conduction band 
and the positive holes in the valence band. In addition, 
if a local electron level other than the conduction band SO 
is generated due to a function of defects or impurities 
included in the crystal, an emission luminescence due 
to a re-coupling of exited electrons in the local electron 
level with the positive holes in the valence band is also 
generated. Therefore : it is possible to obtain information ss 
about a crystal property and the defects and impurities 
included in the crystal from the cathode luminescence 
spectrum. 



A cathode luminescence spectrum of the lightbrown 
or white-yellow sintered body was measured. As a re- 
sult, as shown in Fig. 11, it is understood that a strong 
peak exists in a wavelength range of 350—370 nm. 
Moreover, a weak peak, which is assumed as a double 
multiple wave of the strong peak, is detected in a wave- 
length range of 650-750 nm. 

Further, as a comparative example, a cathode lumi- 
nescence spectrum was measured with respect to a 
highly densified sintered body obtained by adding 5 wt% 
of yttria powders to aluminum nitride powders to obtain 
a mixture and sintering the thus obtained mixture. As a 
result, as shown in Fig. 13, weak peaks are detected at 
wavelengths of about 340 nm, 500 nm and 600 nm. 

Such a difference of emission luminescence wave- 
length shows a difference of a. kind of emission lumines- 
cence i.e. an electron level in the band gap. Moreover, 
a difference of emission luminescence intensity shows 
a difference of electron density due to impurities. Par- 
ticularly; in the lightbrown or white-yellow sintered body 
a strong and sharp peak is observed in a wavelength of 
350—370 nm. This shows that an electron density is 
high with respect to a particular impurity. 

Moreover, a mapping of emission luminescence 
having a wavelength of 360 nm measured by a cathode 
luminescence was performed with respect to the light- 
brown or white-yellow sintered body. As a result, it is 
understood that the emission luminescence having a 
wavelength of 360 nm is observed in the aluminum ni- 
tride grain. The grain boundary thereof is dark and such 
emission luminescence is not observed. This shows that 
a region of high electron density i.e. a region in which a 
number of local electron levels exist is distributed in the 
grain but in the grain boundary. 

Moreover, a measurement of a distribution of oxy- 
gen density was performed by X-ray microanalyzer (EP- 
MA) with respect to the lightbrown or white-yellow sin- 
tered body. As a result, relatively large amount of oxy- 
gen atoms exist in the grain. On the other hand, in the 
sintered body for a comparison in which 5 wt% yttria is 
added, an oxygen concentration is gradually decreased. 
In addition, a region of the sintered body for a compar- 
ison in which relatively large amount of oxygen atoms 
exist is substantially equal to a region in which yttria ex- 
ists. It is known that yttria is not solution-so luted in the 
aluminum nitride grain and is discharged into the grain 
boundary. Therefore, almost all the oxygen atoms exist 
in the grain boundary but in the grain. 

As can be understood from the experimental results 
mentioned above, it is assumed that, in the lightbrown 
or white-yellow sintered body, a relatively large amount 
of oxygen atoms are solid-soluted in the aluminum ni- 
tride grain, and this provide a local electron level, there- 
by contributing to a decrease of resistance in the grain. 
This result corresponds to the result in which a strong 
absorbing peak is detected in ESR spectrum. 

On the other and. in the sintered body for a com- 
parison in which 5 wt% of yttria is added, yttrium is dis- 
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charged from the grain during a proceeding of sintering 
step, and the discharged yttria functions to carry oxygen 
atoms away into the grain boundary. Therefore, it is as- 
sumed that an amount of oxygen atoms in the grain is 
decreased. s 

The sintered body according to the invention is pref- 
erably produced by preparing a formed body made of 
aluminum nitride powders, including the formed body in 
a carbon film, and sintering it. The sintering can be per- 
formed by a hot press method or a hot isostatic press 10 
method. 

In order to include the formed body in the carbon 
film, it is possible to perform the following method. As 
shown in Fig. 10, the plate-like metal bulk member 9 is 
embedded in a formed body 20, and the formed body *s 
20 is divided into a first portion 20a and a second portion 
20b by the metal bulk member 9. As mentioned above, 
a thickness of the first portion 20a Is smaller than that 
of the second portion 20b. 

When the formed body 20 is set between an upper so 
punch 15A and a lower punch 1SB, foils 19A and 19B 
made of graphite are set on an upper surface and a low- 
er surface of the formed body 20 respectively. The 
formed body 20 and the foils 19A and 1 9B are arranged 
between spacers 18A and 16B. Moreover a foil 17 
made of graphite is arranged so as to cover a side sur- 
face of the formed body 20. In this manner, the formed 
body 20 is sealed up by the foils 1 9A, 1 9B and 1 7 made 
of graphite. Then, the toil 17 and the formed body 20 
are set in a die 1 4 made of carbon via a sleeve 1 6 made 00 
of carbon. Pressures are applied to the formed body 20 
in the die 14 upwardly and downwardly in Fig. 10 by us- 
ing the lower punch 15B and the upper punch 15A : and 
the die 14 is heated for sintering. 

In this case, a pressure during the sintering step is 35 
set to greater than 50 kg/cm 2 . Moreover, from the view 
point of the apparatus ability, it is preferred to set this 
pressure smaller than 0.5 ton/cm 2 . 

In the embodiments mentioned above, it is under- 
stood that, when the highly purified aluminum nitride 40 
formed body in which the metal member is embedded 
is sintered integrally, it is possible to obtain the alumi- 
num nitride sintered body in which a volume resistivity 
is extremely decreased at the first portion in which a 
length between the metal member and a surface of the 45 
sintered body is relatively short. Further, the inventors 
tried to produce an aluminum nitride sintered body by 
preparing a formed body made of aluminum nitride sin- 
tered body without embedding the metal member there- 
in, and sintering the thus prepared formed body. In this 50 
case, the sintering step is performed under a condition 
such that a sintering temperature is 18S0°C ~ 2000°C 1 
a pressure is 100—300 kg/cm 2 and a keep time at a sin- 
tering temperature is 2 — 5 hours. 

As a result, a volume resistivity of this aluminum ni- 
tride sintered body is 2x1 0 13 Qcm at a lowest one, and 
an extreme decrease of volume resistivity can not be 
observed. 



Moreover, the inventors tried to produce an alumi- 
num nitride sintered body having a relative density of 
greater than 95.0% by forming aluminum nitride raw ma- 
terials having an amount of metal elements other than 
aluminum ot smaller than 100 ppm to obtain a formed 
body, and sintering the thus obtained formed body under 
a condition that a sintering temperature is 1700°C — 
2000° C and a pressure is greater than 100 kg/cm 2 . The 
sintered body thus produced has a black-brown colon 
and a volume resistivity thereof is in a range of 2X1 6 1 3 
— 1 X10 15 fi-cm. Then, the sintered body was subjected 
to a heat treatment with no pressure under a non-active 
atmosphere and a temperature of more than 1850°C. 
As a result, it is found that a color of the aluminum nitride 
sintered body is changed into a lightbrown and a volume 
resistivity is extremely decreased to a level smaller than 
1.0X10 13 fl-cm. According to the producing method 
mentioned above, ft Is possible to obtain the aluminum 
nitride sintered body, in which a volume resistivity is re- 
markably decreased : from a single body without using 
a sandwiched metal member. 

In this case, it is preferred to perform the heat treat- 
ment under an inert atmosphere or a reduction atmos- 
phere. As such an atmosphere, it is further preferred to 
use a nitrogen atmosphere or an argon atmosphere. 

Therefore, the aluminum nitride sintered body ac- 
cording to the invention can be applied to suscepter for 
holding a semiconductor wafer, dummy wafer, shadow 
ring, tube for generating a high frequency plasma, dome 
for generating a high frequency plasma, high frequency 
transmitting window, lift pin for supporting the semicon- 
ductor wafer, substrate of semiconductor manufacturing 
apparatuses such as a shower plate and so on. 

Embodiment 1 

The electrostatic chuck having the constructions 
shown in Fig. 1 and Fig. 2 was manufactured. In this 
case, use was made of aluminum nitride powders ob- 
tained by a reduction nitridized method. In the aluminum 
nitride powders mentioned above, an amount of Si, Fe,- 
Ca, Mg, K, Na, Cr, Mn, Ni, Cu, Zn, W, Bor Y was smaller 
than 1 00 ppm respectively, and no other metal compo- 
nent other than aluminum was detected. 

The preliminary formed body having a disc shape 
was manufactured by forming the raw materials one-ax - 
ialfy under pressure. As the electrode, use was made of 
the metal net made of molybdenum. As the metal net, 
use was made of a molybdenum wire having a diameter 
of 0.1 2 mm and a density of the metal net was 50 per 1 
inch. The metal net mentioned above was embedded in 
the preliminary formed body to manufacture the formed 
body 20 shown in Fig. 10. As shown in Fig. 10, the 
formed body 20 was set in the die, and the formed body 
20 was sealed by the carbon foil as mentioned above. 
The formed body 20 was sintered by the hot press meth- 
od under the condition of sintering temperature of 
^SO^C, pressure of 200 kg/cm 2 and keep time of 2 
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hours to obtain the sintered body. 

A surface of the thus obtained sintered body which 
faces to the insulation dielectric layer was machined so 
as to make a thickness of the insulation dielectric layer 
1 mm. The hole 2 was formed in the sintered body from 5 
a rear side by a machining center. The terminal 10 was 
connected to the electrode 9. Relative densities of the 
supporting portion 8 and the aluminum nitride sintered 
body, which constructs the insulation dielectric layer 4, 
were larger than 98.0%. The electrostatic chuck thus ob- i o 
tained had a diameter of 200 mm and a thickness of 8 
mm. 

Specimens we re cut out from various portions of the 
electrostatic chuck thus obtained so as to perform the 
analysis. At first, a color of the insulation dielectric layer is 
4 was a white-yellow. On the other hand, a color of the 
supporting portion 8 was a black or black-brown. The 
analysis results about a crystal structure and a crystal 
phase of respective portions were the same as those 
mentioned above. 20 

Moreover, a volume resistivity of the sintered body, 
which constructs the insulation dielectric layer 4 : was 
B.9X1Q 10 Q-cm, and it was confirmed that a volume re- 
sistivity is extremely decreased. On the olher hand, a 
volume resistivity of the black or black-brown sintered ss 
body which constructs the supporting portion 8, was 
2.6X10 13 - 2.8X10 13 fl-cm, and it was confirmed that 
a volume resistivity thereof is remarkably greater than 
that of the insulation dielectric layer 4. 

Further, ESR spectrum was measured with respect 30 
to the specimens cut out from the insulation dielectric 
layer 4 and the supporting portion 8. As a result, a g- 
value of the supporting portion 8 on ESR spectrum was 
2.0053 ± 0.0001 , and the peak thereof was strong and 
sharp. On the other hand, a g-value of the insubtion di- 35 
electric layer 4 was 1.9980 ± 0.0001, and the peak 
thereof was strong and broad. 

Moreover, a chucking properly of the electrostatic 
chuck was measured prior to the specimen cut out. A 
metal disc having an area of 1 cm2 of the semiconductor *o 
wafer 6 shown in Fig. 1 . and it was pulled up perpendic- 
ularly with respect to a chucking surface by a wire. Then, 
a toad necessary for detaching the metal disc from the 
electrostatic chuck was measured by a load cell. As a 
result, a high chucking property of greater than 100 g/ *S 
cm 2 could be obtained when a voltage of 500 V was ap- 
plied. 

Further, a volume resistivity at 300° C of the alumi- 
num sintered body, which constructs the insulation die- 
lectric layer 4, was measured. As a result, a volume re- SO 
sistivity at 300°C was 5.0X10 7 ft-cm. 

Embodiment 1A 

As is the same as the embodiment 1, the electro- ss 
static chuck was manufactured. However, a pressure 
applied to the formed body was set to 100 kg/cm 2 and 
the other conditions were same as those of the embod- 



iment 1 . 

Also in this embodiment, the sintered bodies were 
cut out from various portions of the substrate member 
which constructs the electrostatic chuck, and the anal- 
ysis tor respective sintered bodies was performed. In 
this case, colors of the cut out sintered bodies were dif- 
ferent as shown in Fig. 7. A relative density of the white- 
yellow sintered body 27F was 99.8%, and a volume re- 
sistivity thereof at room temperature was 8.9x1 0 10 
O-cm. Moreover, an amount of spin thereof on ESR 
spectrum was 1 . 1 X10 13 spin/mg, and a g-value thereof 
on ESR spectrum was 1.9980. 

On the other hand, a relative density of the white 
sintered body 29D was 97.8%, and. a volume resistivity 
thereof at room temperature was 2.3xl0 14 n-cm. More- 
over an amount of spin thereof on ESR spectrum was 
1 .3x 1 0 13 spin/mg, and a g-value thereof on ESR spec- 
trum was 1 .9978. Further, it was confirmed that the black 
sintered body 28C was connected to the electrode 26. 

. Comparative example 1 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set to 1800°C, a pressure 
was set to 150 kg/cm 2 , and a keep time at 1800° C was 
set to 3 hours. The other conditions were same as those 
of the embodiment 1. As a result, it was confirmed that 
overall substrate member was constructed by the biack 
sintered body Then, the sintered bodies were cut out 
from various portions of the substrate member, and 
properties thereof were measured. 

A relative density of the sintered body cut out from 
the insulation dielectric layer 4 was greater than 99.0%, 
and a volume resistivity thereof was 6.0X1 0 13 ft-cm. 
Moreover, an amount of spin thereof was 1 .2X1 0 1 2 spin/ 
mg, and a g-value thereof was 2.0049. A relative density 
of the sintered body cut out from the supporting portion 
8 was greater than 99.0%, and a volume resistivity 
thereof was 3.0X1 0 14 n«cm. Further, an amount of spin 
thereof was 2.5X1 0 12 spin/mg, and a g-value thereof 
was 2.0062. When a voltage of 500 V was applied to the 
electrostatic chuck, a chucking property was 3 g/cm 2 . 

Comparative example 2 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set to 1800°C, a pressure 
was set to 200 kg/cm 2 , and a keep time at 1600°C was 
set to 3 hours. The other conditions were same as those 
of the embodiment 1. As a result, it was confirmed that 
overall substrate member was constructed by the black 
sintered body. 

A relative density of the sintered body cut out from 
the insulation dielectric layer 4 was greater than 99.5%, 
and a volume resistivity thereof was 4.0x1 0 13 ft-cm. 
Moreover, an amount of spin thereof was 2.1X1 0 1 2 spin/ 
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mg, and a g -value thereol was 2.0047. A relative density 
of the sintered body cut out from the supporting portion 
8 was greater than 99.0%, and a volume resistivity 
thereof was 4.2X10 14 Q«cm. Further, an amount of spin 
thereof was 1.2X10 12 spin/mg, and a g-value thereof 
was 2.0061 . When a voltage of 500 V was applied to the 
electrostatic chuck, a chucking property was 2 g/cm 2 . 

Embodiment 2 

As is the same as the embodiment 1. the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set to 1850°C, a pressure 
was set to 200 kg/cm 2 , and a keep time at 1850 8 C was 
set to 5 hours. The other conditions were same as those 
of the embodiment 1 . As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
5a could be obtained. 

A color of the sintered body 27A cut out from the 
insulation dielectric layer 4 was a lightbrown. A relative 
density of the sintered body 27A was greater than 
99.5%, and a volume resistivity thereof was 8.0X1 0 12 
a-cm. Moreover, an amount ol spin thereof was 
6.9x1 0 12 spin/mg, and a g-value thereol was 1 .9990. A 
color of the sintered body 28A cut out from the support- 
ing portion 8 was a black-brown. A relative density of 
the sintered body 28A was greater than 99.0%, and a 
volume resistivity thereof was 2.3X10 13 £i-cm. Moreo- 
ver, an amount of spin thereof was 4.2x1 0 12 spin/mg, 
and a g-value thereof was 2.0051. When a voltage of 
500 V was applied to the electrostatic chuck ; a chucking 
property was 90 g/cm 2 . 

Embodiment 3 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set to 1900°C, a pressure 
was set to 200 kg/cm 2 and a keep time at 1 900*0 was 
set to 3 hours. The other conditions were same as those 
of the embodiment 1 . As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
5a could be obtained. 

A color of the sintered body 27 A cut out from the 
insulation dielectric layer 4 was a lightbrown. A relative 
density of the sintered body 27A was greater than 
99.5%, and a volume resistivity thereof was 2.0X1 0 12 
£2-cm. Moreover, an amount of spin thereof was 
7.5X1 0 12 spin/mg. and a g-value thereof was 1.9985. A 
color of the sintered body 26A cut out from the support- 
ing portion 8 was a black-brown. A relative density of 
the sintered body 28A was greater than 99.0%, and a 
volume resistivity thereof was 8.0X10 13 ft-cm. Moreo- 
ver, an amount of spin thereof was 3.3X10 12 spin/mg, 
and a g-value thereof was 2.0042. When a voltage of 
500 V was applied to the electrostatic chuck, a chucking 
property was 1 20 g/cm 2 . 



Embodiment 4 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 
5 ature during hot press was set to 1900°C. a pressure 
was set to 100 kg/cm 2 , and a keep time at 1 900°C was 
set to 5 hours. The other conditions were same as those 
of the embodiment 1 . As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
10 5b could be obtained. 

A color of the sintered body 27B cut out from the 
insulation dielectric layer 4 was a lightbrown. A relative 
density of the sintered body 27B was greater than 
99.0%, and a volume resistivity thereof was 3.0X1 0 11 
is Q-cm. Moreover, an amount of spin thereof was 
1.1 X10 13 spin/mg, and a g-value thereof was 1.9979. A 
color of the sintered body 28B cut out from the support- 
ing portion B was a black-brown. A relative density of 
the sintered body 28B was greater than 99.0%, and a 
volume resistivity thereof was 9.0X1 0 13 ft-cm. Moreo- 
ver, an amount of spin thereof was 3.5X10 12 spin/mg, 
and a g-value thereof was 2.0051. When a voltage of 
500 V was applied to the electrostatic chuck, a chucking 
property was 200 g/cm 2 . 

Embodiment 5 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set to 2000°C, a pressure 
was set to 200 kg/cm 2 , and a keep time at 2000° C was 
set to 1 hour. The other conditions were same as those 
of the embodiment 1 . As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
6a could be obtained. 

A color of the sintered body 27 C cut out from the 
insulation dielectric layer 4 was a lightbrown. A relative 
density of the sintered body 27C was greater than 
99.5%, and a volume resistivity thereof was 3.0X1 0 11 
ft'Cm. Moreover, an amount of spin thereof was 
8.2X 1012 spin/mg. and a g-value thereof was 1.9979. A 
color of the sintered body 29A cut out from the support- 
ing portion 8 was a white. A relative density of the sin- 
tered body 29A was greater than 98.3%, and a volume 
resistivity thereof was 1.9X10 14 Q-cm. Moreover, an 
amount of spin thereof was 9.5x1 0 1 2 spin/mg ; and a g- 
value thereof was 1 .9980. When a voltage of 500 V was 
applied to the electrostatic chuck, a chucking property 
was 200 g/cm 2 Such a generation of the white sintered 
body is thought to be due to voids generated due to a 
high sintering temperature of 2000°C. 

Embodiment 6 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set to 2000 C C, a pressure 
was set to 100 kg/cm 2 , and a keep time at 2000°C was 
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sot to 3 hours. The other conditions were same as those 
of the embodiment 1. As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
6b could be obtained. 

A color of the sintered body 27D cut out trom the 
insulation dielectric layer 4 was a lightbrown. A relative 
density of the sintered body 27 D was greater than 
99.5%, and a volume resistivity thereof was 1.1 X10 11 
Hem. Moreover an amount of spin thereof was 
1 . 1 X1 0 13 spin/mg, and a g-value thereof was 1 .9961 . A 
color of the sintered body 29B cut out from the support- 
ing portion 8 was a white. A relative density of the sin- 
tered body 29B was greater than 97.9%, and a volume 
resistivity thereof was 8.6X10 13 Q-cm. Moreover, an 
amount of spin thereof was 1.1X1 0 13 spin/mg, and a g- 
value thereof was 1 .9975. When a voltage of 500 V was 
applied to the electrostatic chuck, a chucking property 
was 190 g/cm 2 . Since a pressure during hot press was 
small as compared with the embodiment 5, it is thought 
that a region of the white sintered body is increased. 

Embodiment 7 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set to 2000° C, a pressure 
was set to 1 50 kg/cm 2 , and a keep time at 2000 fl C was 
set to 5 hours. The other conditions were same as those 
ol the embodiment 1 . As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
6c could be obtained. 

A color of the sintered body 27E cut out from the 
insulation dielectric layer 4 was a lightbrown. A relative 
density of the sintered body 27E was greater than 
99.5%, and a volume resistivity thereof was 9.0X1 0 9 
Q-cm. Moreover, an amount of spin thereof was 
2.1 X10 13 spin/mg, and a g-value thereof was 1.9961. A 
color of the sintered body 29C cut out from the support- 
ing portion 8 was a white. A relative density of the sin- 
tered body 29C was greater than 97.8%, and a volume 
resistivity thereof was 2.0X10 14 Q-cm. Moreover, an 
amount of spin thereof was 1.2X10 13 spin/mg, and a g- 
value thereof was 1 .9972. When a voltage of 500 V was 
applied to the electrostatic chuck, a chucking property 
was 250 g/cm 2 . 

Embodiment 8 

The aluminum nitride sintered body was manufac- 
tured in the manner mentioned below. As a rawmaterial, 
use was made ol highly purified aluminum nitride pow- 
ders obtained by a reduction nitriding method or a direct 
nitriding method. In the aluminum nitride powders, an 
amount of Si, Fe, Ca. Mg, K, Na, Cr, Mn, Ni, Cu, Zn, W, 
B or Y was smaller than 100 ppm respectively, and no 
other metal component other than aluminum was de- 
tected. 

The formed body having a disc shape was manu- 



factured by forming the aluminum nitride powders one- 
axialty under pressure. Then, the thus obtained formed 
body was set in the die as shown in Fig. 10. In this case, 
no metal member was arranged in the formed body. As 

5 is the same as the embodiment 1 , the formed body was 
sealed by the carbon foil. Then, the formed body was 
sintered by the hot press method under the condition of 
sintering temperature of 1800°C, pressure of 200 kg/ 
cm 2 and keep time of 2 hours to obtain an aluminum 

io nitride specimen. 

Then, the aluminum nitride specimen was subject- 
ed to a heat treatment. The heat treatment was per- 
formed in a nitrogen atmosphere under the condition of 
heat treatment temperature of 1900°C. and keep time 

is at 1 900° C of 2 hours. As a result, the white-yellow alu- 
minum nitride sintered body was obtained. A volume re- 
sistivity of this sintered body was 5X10 12 fi-cm and a 
g-value thereof on ESR spectrum was 1.9990. 



The electrostatic chuck having the constructions 
shown in Fig. 4 was manufactured. In this case, use was 
made of aluminum nitride powders obtained by a reduc- 
tion nitriding method. In the aluminum nitride powders 
mentioned above, an amount of Si, Fe, Ca, Mg, K, Na, 
Cr, Mn, N i, Cu, Zn. W. B or Y was smaller than 1 00 ppm 
respectively, and no other metal component other than 
aluminum was detected. As the metal net, use was 
made of a molybdenum wire having a diameter of 0.15 
mm and a density of the metal net was 15 per 1 inch. 
The metal net mentioned above and the resistance 
heating member 21 made of molybdenum wire were em- 
bedded in the formed body. As shown in Fig. 10, the 
formed body was sintered by the hot press method un- 
der the condition of sintering temperature of 1 900°C, 
pressure of 200 kg/cm 2 and keep time of 4 hours to ob- 
tain the sintered body. 

A surface of the thus obtained sintered body which 
faces to the insulation dielectric layer was machined so 
as to make a thickness of the insulation dielectric layer 
1 mm. The hole 2 was formed In the sintered body from 
a rear side by a machining center. The terminal 10 was 
connected to the electrode 9. Relative densities of the 
supporting portion 8 and the aluminum nitride sintered 
body, which constructs the insulation dielectric layer 4, 
were greater than 99.0%. The electrostatic chuck thus 
obtained had a diameter of 200 mm and a thickness of 
12 mm. Moreover, the chucking property of the electro- 
static chuck was measured as is the same as the em- 
bodiment 1. A power was supplied to the resistance 
heating member, and the chucking properties were 
measured from room Temperature to 300°C by 100°C 
intervals. As a result, the chucking property was in a 
range of 60—100 g/cm 2 at all the temperatures. 

In the substrate member, a distribution of the sin- 
tered bodies was as shown in Fig. 5b. A color of the sin- 
tered body 27B cut out from the insulation dielectric lay- 
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er was a lightbrown. and a relative density was greater 
than 99.5%. Moreover, a volume resistivity thereof was 
5.0xi0 l2 n«cmat room temperature and 2.0x1 O^n-cm 
at 300°C. Further, an amount of spin thereof was 
7.5X10 12 spin/mg, and a g-value thereot was 1.9965. A 
color of the sintered body 28B cut out from the support- 
ing portion 8 was a black-brown. Moreover, a relative 
density thereof was greater than 99.0% : and a volume 
resistivity al room temperature was 1.1 X10 13 ft-cm. 
Further, an amount of spin thereof was 2.1X10 12 spin/ 
mg, and a g-value thereof was 2.0044. 

Embodiment 10 

A volume resistivity at 300 B C wa6 measured with 
respect to the aluminum nitride sintered bodies which 
construct respectively the insulation dielectric layers ob- 
tained In the embodiments 2—8 mentioned above. As a 
result, it was confirmed that a volume resistivity is de- 
creased to 1 X 1 0 B - 1 X 1 0 10 n-cm. 

Embodiment 11 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case : a sintering 
temperature during hot press was set to 1,600°C, a 
pressure was set to 200 kg/cm 2 , and a keep time at 
1800 B C was set to 2 hours. The other conditions were 
same as those ot the embodiment 1 . Further, the ihus 
obtained electrostatic chuck was subjected to a heat 
treatment. The heat treatment was performed in a nitro- 
gen atmosphere under the condition of heat treatment 
temperature of 1900°C and keep time at 1900°C for 2 
hours. 

As a result the substrate member having a distri- 
bution of the sintered bodies shown in Fig. 6c can be 
obtained. A color of the sintered body 27E cut out from 
the insulation dielectric layer 4 was a white-yellow. 
Moreover, a relative density thereof was greater than 
99.5%, and a volume resistivity thereof was 5.0X1 0 12 
£2-cm. Further, an amount of spin thereof was 9.5X1 0 12 
spin/mg, and a g-value thereof was 1.99B1. When a volt- 
age of 500 V was applied to the electrostatic chuck, a 
chucking property was 130 g/cm 2 . 

In the present invention, as shown in Figs. 5—7, it 
is possible to improve a durability to a heat cycle by in- 
cluding the metal member (particularly electrode) in the 
aluminum nitride sintered body having a relative density 
of greater than 99.5%. 

Moreover, in the metal including member, at least 
one part of the second portion can be constructed by 
the sintered body having a lower relative density than 
that of the first portion, preferably by the sintered body 
having a relative density of 97.5—99.5%. In this case, it 
is very easy to machine the second portion, and thus a 
manufacturing cost can be reduced. Particularly, as 
shown in Figs. 6a : 6b, 6c : in the case that at least one 
part of the supporting portion in the substrate member 



was constructed by the white or white-gray sintered 
body having a relative density of 97.5—99.5%, it is easy 
to machine, in the supporting portion, a hole through 
which a terminal is arranged. 

5 

Embodiment 12 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 

70 ature during hot press was set to 2000°C, a pressure 
was set to 200 kg/cm 2 , and a keep time at 2000°C was 
set to 4 hours. The other conditions were same as those 
of the embodiment 1 . As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 

is 6a could be obtained. 

A color of the sintered body 27c was a lightbrown. 
A relative density ot the sintered body 27c was greater 
than 99.5%, and a volume resistivity thereof was 
5.0X1 0 11 n-cm. Moreover, an amount of spin was 

20 9.0x1 0 1 2 spin/mg and a g-value thereof was 1.9970. 

Then, a surface of the sintered body was ground 
like a mirror by using a diamond paste, and a spectrum 
was measured by a cathode luminescence method. The 
result is shown in Fig. 11. In Fig. 11, a vertical axis shows 

25 an emission luminescence intensity, and a horizontal 
axis shows a wavelength of luminescence. It is under- 
stood that a strong peak exists in a wavelength range 
of 350—370 nm and a weak peak exists in a wavelength 
range of 650—750 nm. 

30 Fig. 12 is an SEM microphotograph showing a ce- 
ramic structure of the sintered body mentioned above. 

Comparative example 3 

35 In this case, use was made of aluminum nitride pow- 
ders obtained by a reduction nitriding method. In the alu- 
minum nitride powders mentioned above, an amount of 
Si, Fe : Ca, Mg, K. Na, Cr ; Mn, Ni : Cu, Zn, W, B or Y was 
smaller than 100 pprn respectively, arid no other metal 
40 component other than aluminum was detected. Then, 
95 wt% of aluminum nitride powders was mixed with 5 
wt% of yttrla to obtain mixed powders. The preliminary 
formed body having a disc shape was manufactured by 
forming the mixed powders one-axiaJly under pressure. 
The thus obtained preliminary formed body was set in 
the die and was sintered at 1 950° C for 4 hours to obtain 
the sintered body. 

A color of the sintered body was a lightbrown. A rel- 
ative density thereof was greater than 99.5% 5 and a vot- 
S0 ume resistivity was 6.7x1 0 12 ftcm. Moreover, an 
amount of spin was 3.8X1 0 11 spin/mg, and a g-value 
thereof was 2.007. 

Then, a surface of the sintered body was ground 
like a mirror by using a diamond paste, and a spectrum 
55 was measured by a cathode luminescence method. The 
result is shown in Fig. 1 3. tn Fig. 1 3, a weak peak exists 
at a wavelength of about 340 nm, 500 nm or 600 nm. 

Fig. 14 is an SEM microphotograph showing a ce- 
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body set forth in one of claims 1-5. 

7. The metal including member according to claim 6, 
wherein a part of said substrate member which in- 
5 eludes said metal member has a relative density of 
greater than 99.5 %. 

a. The metal including member according to claim 7, 
wherein said metal member is included in said alu- 
io minum nitride sintered body set forth in one of 
claims 1 -5. 

9. The metal including member according to claim 6, 
wherein a first portion of said substrate member 

is which exists at one side of said metal member is 
formed by said aluminum nitride sintered body set 
forth in one of claims 1 -5. 

10. The metal including member according to claim 9, 
20 where in an aluminum nitride sintered body having 

a relative density of greater than 97.5% and smaller 
than 99.5% exists in a second portion of said sub- 
strate member which exists at the other side of said 
metal member. 

11. An electrostatic chuck comprising the metal includ- 
ing member set forth in one of claims 6-1 0 wherein 
a portion of said substrate member which exists at 
a dielectric layer side thereof is made of said alumi- 

30 num nitride sintered body set forth in one of claims 

1 -5, said metal member is an electrode, and a work 
is chucked on said electrode through said dielectric 
layer. 



ramie structure of the sintered body mentioned above. 

Moreover, a distribution of oxygen concentration 
and a distribution of yttrium atom were measured by an 
X-ray microanalyzer (EPMA) with respect to the sintered 
bodies obtained in the embodiment 12 and the compar- 
ative example 3. As a result, in the sintered body ot the 
comparative example 3 to which 5 wt% of yttria is added, 
an oxygen concentration was decreased relatively. 
Moreover, a portion of the sintered body, at which a large 
number of oxygen atoms exist, was substantially equal 
to a portion at which yttria exists. This portion was sub- 
stantially identical with the grain boundary shown in a 
microphotograph in Fig. 14. 

As mentioned above, according to the invention, in 
the metal including member in which the metal member 
is embedded in the substrate member made of alumi- 
num nitride, it is possible to obtain the aluminum nitride 
sintered body and the electrostatic chuck which can 
control a volume resistivity of the metal including mem- 
ber without adding a low resistance material in alumi- 
num nitride. 



Claims 

1. An aluminum nitride sintered body comprising char- 
acteristics such that an amount of total metal ele- 
ments other than aluminum is smaller than 100 
ppm, and a volume resistivity at room temperature 
is greater than 1.0x10 9 Cl-cm and is smaller than 
1.0x10 l3 n<m 

2. The aluminum nitride sintered body according to 
claim 1 , wherein a g-value of unpaired electrons is 
smaller than 2.0000 on a spectrum of aluminum ni- 
tride measured by an electron spin resonance 
method. 

3. The aluminum nitride sintered body according to 
claim 1 , wherein an amount of spin per unit mg of 
aluminum obtained from a spectrum on an electron 
spin resonance method is greater than 5x1 0 1 2 spin. 



35 12. An aluminum nitride sintered body comprising char- 
acteristics such that an amount of total metal ele- 
ments other than aluminum is smaller than 100 
ppm, and a g-value of unpaired electrons is smaller 
than 2.0000 on a spectrum of aluminum nitride 

40 measured by an electron spin resonance method. 

13. An aluminum nitride sintered body comprising char- 
acteristics such that an amount of total metal ele- 
ments other than aluminum is smaller than 100 
ppm, and an amount of spin per unit mg of aluminum 
obtained from a spectrum on an electron spin res- 
onance method is greater than 5x10 12 spin. 



4. The aluminum nitride sintered body according to 
claim 1 , wherein a main peak of a spectrum mea6- 
ured by a cathode luminescence method exists in 
a wavelength region from 350 nm to 370 nm. 

5. The aluminum nitride sintered body according to 14. 
claim 1, wherein a relative density is greater than so 
99.5%. 

6. A metal including member comprising a construc- 
tion such that a metal member is embedded in a 
substrate member made of an aluminum nitride sin- ss 
tered body, said metal member and said substrate 15. 
member are integrally sintered, and a part of said 
substrate member is made of the aluminum sintered 



An aluminum nitride sintered body comprising char- 
acteristics such that an amount of total metal ele- 
ments other than aluminum is smaller than 100 
ppm, and a main peak of a spectrum measured by 
a cathode luminescence method exists in a wave- 
length region from 350 nm to 370 nm. 

A method of producing an aluminum nitride sintered 
body comprising the steps of, preparing an alumi- 
num nitride raw material having an amount of total 
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metal elements other than aluminum of smaller than 
100 ppm, sintering the thus prepared aluminum ni- 
tride raw material under a temperature of 1700°C- 
2000°C and a pressure greater than 100 kg/cm 2 to 
obtain an aluminum nitride sintered body, and sub- s 
jecting the thus obtained aluminum nitride sintered 
body to a heat treatment under a temperature of 
greater than 18S0°C. 

16. A method of producing the aluminum nitride sin- 10 
tered body set forth in claim 1 comprising the steps 

of. preparing an aluminum nitride raw material hav- 
ing an amount of total metal elements other than 
aluminum of smaller than 1 60 ppm, forming the thus 
prepared aluminum nitride raw material to obtain a is 
formed body, embedding a metal member in the 
thus obtained formed body to obtain a metal includ- 
ing formed body, sintering the thus obtained metal 
including formed body under a temperature of 
1 850°C-2200°C and a pressure of 50 kg/cm 2 to ob- 20 
tain a metal including member, in which said metal 
member is embedded in a substrate member made 
of said aluminum nitride sintered body, said sub- 
strate member is substantially divided into a first 
portion and a second portion by said metal member, ss 
and said first portion has a thickness of smaller than 
10 mm, thereby obtaining said aluminum nitride sin- 
tered body as first portion of said substrate member. 

17. A method of producing a metal including member 00 
in which a metal member is embedded in a sub- 
strate member made of aluminum nitride, said sub- 
strate member is substantially divided into a first 
portion and a second portion by said metal member, 
and a ratio of thickness between said first portion 35 
and a second portion is 1 :2 or more, comprising the 
steps of preparing an aluminum nitride raw material 
having an amount of total metal elements other than 
aluminum of smaller than 1 00 ppm, forming the thus 
prepared aluminum nitride raw material to obtain a *o 
formed body, embedding a metal member in the 
thus obtained formed body to obtain a metal includ- 
ing formed body, sintering the thus obtained metal 
including formed body under a temperature of 
1850°C-2200°C and a pressure of 50 kg/cm 2 . 45 
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Tfe5^t*<jf?*tl>. C ©&£#©*£ jySi®£#*Tl- 
g<b7;W5r.r>A£*igai*l©ft&i;te. v>*>»0*2 
7Rffl (Al, O, -7 (SWb7;WS^»>A) t§) 13:13 
£Aj£tt.<, »«<DALONtt*«iT*o&. 
[0 0 5 2] 6. 0X10" 

sp'in/mgBl±t£5CiA!Jf$l/<, 6. 9X1 
0' 1 s p 1 n/mg£U:ftSXCfffclA>. llt*tf 
•affcttSin^Pte* 8. 0X10' ' Q'- cm£ATT»*> 
ifctf-IffSl/l-i. ^tfOgltt. 1. 9 9 9 0 

[005 3] cntc^Lx. 

tt. ^SlCfe^S^^Sla^AU . 0X10' * Q-c 
m£U:T*9. gtt* 1 2. 0 04 0«± 

(2. 0 0 6 5RT) T»t), W8E^t>Sc**4. 5X 
10' 1 s p 1 n^T «fc#SL<H:4. 2X10 
1 1 s pl nKT) C©*Mt*0*»» 
gtt9 9'. OXaiTiSCMSK. 9 9- 5% 

[0 0 5 4] C©£«*«ttSMt7;W5='>A-C** 
SlgafttLTALONA«4riELTI->fc. ^3Lt 

ym(DM<b7;WSxr>AjgS^ ; f-^l;« *iS0. 1 Mm 
*-y-OALONttfjH4*l/TV»fc. 

[0 0 5 5] i6e*fctt»efi©*»*»="3''iT"b. JR 
»fe*fcl4J»fiOi*«*K:-3V»Tt>. S^b7;W5-^A 
®»^3£»K»4. *lB*6*ia*9fc. -3*0. 3fb 

7 ;v s — v ass s*BEm©fc sffi ©sgf£# asi/i* £ 

©raictt. mzttffi\tRifttlfrz>tz. ^7^ 
5 Af£ B B B*5TCD¥i$&!J a * fcli^-fe 

[0 0 5 6] t7S y i7 ^(Di&m&tKM^ 

glC«t-5fc©^*^T-«ft<s S{b7;UScC7A^Hffl(*D 



( 8 ) 

13 

[0 0 5 7] 06 (a) ©&JS££**2 5CC£t>T 

fc»4S0<fi©8l*§#2 9 A«sj*lA3*rri»s. 
2 6I4«I*S#2 7C©rt«lCfi$SnTV>*. 0 6 
(b) . (c) ©&JS££#2 SD, 2 
(4. S»©ttffl»#tttt6*fcttj*efe©*fcB#2 7 
D, 2.7 ElCk-pT^fiKanTiJO. M*2 7D, 2 
7 E©rt«fc:Bfc*fctteRft©*tti#2 9B, 2 9C 
tfM&LZtlT^Z. 2 6 te, ^M2 7D. 2 10 

7 EortSBca^anT^a. ee*fcttaRfi©tt.ii 

#j!><£©5gB#©#:fIl4. 06 (b) ©g##Sfc* 
<, *DT, 06 (a) . 06 (c) ©JBSlCfc-bT^ 

[0 0 5 8] 0 7©&JSS"£tt2 5 FlCiJ^Tte, 
©*H«#»4ttfi*fctt*efc©*lt#2 7F»C<toT 

fe©&i£#2 9 D^MJntUS. &K8M*2 6.©5 

■6. jftstts«sffl!i©*®J4, ttfi*fc»4«ee©«i«f 

#2 7Fiy*U»Slll/TH*. &JRffl*T2 6©5*. 20 
5£»SC^{BiJ©S®14, I»fi$fee*fi0^fl:2 8C 

0cfe©**&«2 9DlC*fLT»g!LTV>3. 

[0 0 5 9] CCT*i;TUat&fe*fc»4ltfife©«l* 
1*2 7Ftt.' ffi**ffifl»«9 9. 5 %JW±T<& 9, 
S*S5uma±T*0- #a«'K*»41 0* -10' 1 
C2 • cmT*D, 7.tr>&l4 5 x 1 0' ! spi n/m 
gT&O, gtete2. 0 0 O^TT-Stsfc. Sfc, d© 
tS5kffli2 7 RfflT&ofc. d*"U4, ntrSHUfciS-feXte 
Hcefe©^^7;l'5-^A^^<!:^{e<bfc#14$r : S-T 30 
■5t>©T&-5#. fefc*Lt£S*i^2 7 RffiT-$>0, rt^O 
^t&ikn&tf^ttg < . il(i3E© ! fe©<kD s b£ ; Ffl£». 

[0 0 6 0)^*0, c:©«uii#©a«iifi*J:rx«^«i 
ttm ttwiE l t> © t »* 12 n c t * * a*. **a . 

an*. 

[0 0 6 1 ] S6©^iS^l4, 
*«8. 6X10' * D-cmCt±T*0, ^F*fS^©g 40 

9 9 8 1EITT*0. IWE^tr>»*»9. 5X 
1 0 s p i n/mg£lW*5. ;:©:)&*£#:©*§ 
#£gl49 9. 5X£TFT*0. 3*149 7. 5 %~9 
9. 0%T£>-5. 

[0 0 6 2]-ttoT. efi*fcl4S£«cfe©«ltt#©ES 
R«M4tt. #8Mgfc*tf*L<eTLfci&fe£fc«4*B 

IC, *aT»J«Lfc«£Ktt. *»©.*»© 3 5, 
ffi;tiWCi*«©**H}S=:©»# ©£T. 50 



1 0- 7 2 2 6 0 
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j*-ra. *tt#©«*a*«Bi;T*?rt), »?L**tft 

(4. 2 7 Rffi*^6itt>*6*«. 2 7Rffi**tf*»^ 

2 7Raa»4*L»i>. 

[0 0 6 3] fflfSLfcm^T. b?>#"9i* (Electron spi 
n resonance : ESRS) h;Hc«t*^F*J 

' m ; r-©g«sJ:tf*fcr>Rtt, Sflszjusntfiifcafc 

rt«*ttff©*te*ifi©#lJ«*«UTt»*!b©T**. 
[0 0 6 4] JKDWSftlMlCKfiTa. TJfetm^ttB 

-s. z.<Dx*)i>*-mmz\t, *?©«tiiatt. &&© 
is^©^e^tg^t©ffis^^«!S»cs«:r-s. e s 
RST14. c©#»Lfcx*;p*-*&£«!lj£-f sc.!: 

[0 0 6 5] gfl^WS^AlC&HTte, 7;U5^9 
A©**t«^©;* ***«:F©flF«EL.TU*ia 

S^ic^oT^bT-s. d©7.t:>g:i4. ssfeetiiwtig 

Eb-S'f T»4 2.0 0 0 0 T£ 0 . ffltttSS-HijET g = 
2. 0 0 2 3 1 6©14i5. £{b7;U5-C7 AJgSffl 
*©A 1 M?. N^14. 4ffifi©9;W7'f 
#L,T*S0, 7;US— 9 2±fo=f-£. 3 0©g^M^-«i:»c4: 

oTsp 1 #a*4©^.t:>s 
©<I*6. fe^^Pfi^©^^?^, t*©<te>/«cif§BlB2 
tt»C??ff UTH*©*», t*©«t -5 TiTcJS*^*!*^ ©H 

[0 0 6 6] ^Jitt^Stt^Al M^IC^LTSa^T 
SH^©S^A^{b-r-5t, 3F*r«^©*fcf>*ft'' i L, 
gffite, *#<2Hbf-£. ±f2©«fcofc;*:*Ifr gM©£ 
fc!4, L^7A5-^Ailg-&-r-5IE?-©aSI©^ 

<b»cj§-r-a^# : b©TS>-5. bp-&, c©js-&is : ?©as 

*<. g^M^A^ ^lg^Sfcl47Jl'5-C7A®^IC 

gffi*«fctf*e>&7!><*#<^bT*. 4E 

&«§iS©S i JS^tCfcl^T, dn<hSIft<b7c7>tf>§C© 

s-fb35^i;T^*c t^s-anTt^ ( tooes 

RI?«r£j 7-f K— >'-ta«fiJBS 7JHWB) . 

[0 0 6 7 ] ^@casTft.6nfcBi*i^k;>R 

©HSf&gHbfc, 7;W5-^AS^lC4l2{iLT^*S 
T ©a?i©^{btcgSbTt^fc©<J:5tAf.n, ID'S. 
7JU5^^AS^IC^UT7;W5-^A©^^^UT 

[0 0 6 8] BP-&, 0 8 iCSl-i'Sl-. 7;U5-^7A(C 

oTia^Wt, g[l»4^#</«t0, *tt«»4/hS< 
(f-^©*I*i/ha<7i^T. fcf- 2 # ->*-:/»;: 



( 9 ) 

15 

[0 0 6 9).7)\'S.-V2*\Z&&l,T^Z&m& z ?-<D®. 

tfmttzt. gm<£it-rzzt\tmffiT'£z. z\z. 

&?tfmm&T<D®.mzm&-? : b£> glints© 
t. z.tn>(Dm^\zi:^mm'i^^^T^^\t-r 

[0 0 7 0] $is&$.tz\tn&&<Dtii1l£mz&^T\t. til 
SELfe«tplCb:-i7rogfil34i2. 0 0 0 O^TT&tK 10 

&5tt&mz&^T\t. gfl;7JUS ^A&JIfK&Si 
[0 0 7 1 ] &Stf4©ES RT,^ MHC&ttSE'Rfcf 

[0 0 7 2] HlCdf> Lfc^Sr^eAMC-T 

[0 0 7 3] #v-F;us*yte>;Ui, -/atcte, a 

£Hc*f L T^fiS SB** L t # ©fstf4 A> £ <DKtt®L<D 
£T4. •(Bm^tjE?L<i:©ra©A>h*^ J ry7 p lC^ 30 
IStf 3p©IE7L 

[o o 7 4] tse^fcianafew^^tcouT, *y 

0 1 1 ICfiaj^i-2i«J:5t. 3 5 0~3 7 0nm(7)!Sfii 40 

5 0-7 5 0 nm©SiSI^ Z\<D\Z-t><D 2 

[0 0 7 5] *fc, *5E<JH#tt. ttR«*tUT, Sit 
7JV5-^A8S*tC5a*%CD-r-> h "J7f9*£?£i)0L 
T Jftrt-f 4 ^ 1 1 J: o T » 5 nfc * * 
L , £ \Z r> V>T A V - h*;U 5 * y -fe > 7. £ »J3t 

Lfc. MAtfBi 3(c^-r«te>tr, #3340 

nm. SOOnms 6 0 0 nmC-E-h-t'nilMt-i'* 5 



^ffifl 0-72260 
[0 0 7 6] J10J:3fr5Hfc8fi©ffli!tt. (A* 

3 5 0~3 7 0 nmWjSfiffl^lC^H, yt-^ft 

[0 0 7 7] *JBM#tt, t&fe*fcia*efi©* 
3 6 Q nmfflgJiO^? tf^fcfTofc. £©£*, 3 
i^iWofc. tMMB'tt«*<. d©fEftteJi.£>*Ut 

[0 0 7 8] *5S9l*tt, #rfii:Jtl«iafe©& 
e*K"3t>T. XIS-7-f 9U7-jr?41f— (EPMA) 

fcJfcttW*«©K*WW?¥*EUTy»fc. dtlJC^L 
T. JtttJMkO'f.9 MJ7*5«*S6*iOLJfcttiS#© 

£UTl^4BB#«, -f y h 'J 7 ^aiTH -595^^:15 
ffattLT»<&C&*tfe*?&. f ^ MJ7ttSMfc7JV 

[00 79] a±<7)H^m^efe*^«t3t-. 
h. \tn e e©siis# k« tvm. *fl;7 ;v s - * At? 

[0 0 8 0] CiniCttLT. -f •> h'J7«:5fiM%mfiO 

[0 0 8 1] '*«W0**#*«aT»fc»fctt. 
L<1S. S<b7;i'5^ I 5A©*©fiE^#S. #>*^ 

.[0 0 8 2] A-#>^e>^*^K©4 , ^S 
^TZ>tctblz\*, mi 0t*"TJ:5<e»»i:"f4Zlt* 1 

SftTfcD. ^SA'^^^9IC«fcoT. J*»#**. 
©gp»2 0 a i^~©g|5»2 0 b tt»WSiaT^4. 
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2 0 b©<f«fc9 fc/hSH. 

[0 0 8 3 ] ±/05 1 l 5AiT^>f 1 5B«hW^tC 

2 o ssm-raiRK:. 2 o <D±mwtTW 

®ilC^7 7 7-f h«©7*-f JH 9 At 1 9 BtSr-e- 
tt^tiiSfi-f-s. tf»#2 o*iix-»©7#-r;n 9 

A, 1 9B£. ST.'*— 1 8Ai 1 8 B LOPllZlSL 

SlC07*'f ;H 9 A, 1 9 B*5<£tfl 7 Ki^T/SEH* 
2 0£S&T-5. *-*>B©y-f^ 1 4 0* »C, * — 
#>S©7.'J-yi 6^fiL,fc«ffiT, 7*-f;n 7 

/O^l 5 AtT/Of 1 5Bil:i-3T, Bl 0 IC* 

[0 0 8 4] d©«'eK:fct>Ttt, &/3;P5©ffi2jia 5 0 
kg/cm 1 £i,±tr-5. fcfc'b. CWBE^Jti. lURS© 
mm.Vltel3friM.Zt> 0. 5ton/crrf JUTtf 

[0 0 8 5] ±tetc*5^T«, ^mm^amnLtt^m 

&^t7)V~-VM>f$.MW<D~Wfii&\z2L-oX> 

*»#6nfcCi:*«€fL.fc. #5E?B#l4. 7JWS 
r.>?Aiy.^©&)S7c^©-& ; tm*U OOp pmJETFT* 

b C tCliiJffi©«i: 3 tt*K8W* * - «t 

14, 1 8 5 0t:~2 0 0 0*C©iagl5H» 10 0~3 0 
Okg/ cm' om»«J:aC2-5l«M©*J*»*"C© 

[0 0 8 6 ] SftTJl'S 
jgia^te&igTfc 2 X 1 0' ' Q • cmT^T, 

[0 0 8 7] Sfc, 7JW5:=.9A£A*©& 
^tc^©-^*^;* 1 1 0 O p pmgtTTSS^bJ^S- 
9AH»t«Sa!!UTJSJc»#*Sljftb. 1 7 

0 0*C~2 0 0 0*C©igg:te<J:tfl 00k g/cnf EA 
±OE*Tt?^S-&*Cli:lCJ:-3T. *§*f£g9 5. 

^14, 2X10' ' ~1X10' ' Q • cm©$EBt*3T 
$>^>tt. £l^T. ^OMJ^S-CA^**. 1 8 
5 0"C^±©gST> iDBEi"4 d t?£<> ^FStt»Bft. 
TTJfcfflSbTjifc. £©8*. 3Mb7;U5 

1. 0X10' 5 Q • cmUTST-mMtiffi.&ZTT-'TZ. 

tzn.utzLiz. icsfi^acintfv wiebfcJ:3 

^ff«Sla^©Si¥lc^'>bfciSiiN6R©^b7;US^^ 



10 ) #^^1 0 - 7 2 2 6 0 

18 

tLTT'l^i<. *<*<hbTElii-rSCt*«Tt*«t5 
[0 0 8 8] C©«£fcttv.«iffl3fc*ffitt»l!«** 

l>. t3 Lfcgffl«£bTW:. g*^ffl^7;i/^>» 
Ha* s #tfiFib^. 
[0 0 8 9 ] fifoT. *R*%<DmtT)V=L-02±titfeW 

14. it, ^^^^x/N-^^a-r*fe©©iJ-ir^ 
. ^;-9ia-. ->-vH-u>y. fcHJK^xv 

10 *ft£.ZltZ>tctb<D ! ?3.-Zf> KJ3&X7Xv£:5g££ 

#£XA-£3H#1-.5fc©©U7 h tf *> + 
©&¥Jg#£!i£fflgg©3#<*:bT, tefflTadi^T 

[0 0 9 0] " 

[Sfftt] (Sttttl) ~~ - — 
0 1 &£lfm 2 ir^T «fc 5UMm<D®^?- -v •> £ 
bfc. 3t7c^k^ic«toTf#^.nfeg^7;u5x^i 4 t9 

5fi£[£fl3b£:. C©»*^4SWT, Si. Fe. Ca. 
20 Mg, K, Na, Cr, Mn. Ni. Cu, Zn, W. 
B. YCO-g'S'SH. ^ta-t'ni OOppmttTTSO. 
7)l>3.-<5A£M-<D&m\lt> >zn>h£M\Z&iii$nft.fr 
■oft. 

[0 0 9 1] d©Bfi»**— «ilnBEfiK»"r*c:i»cJ: 
is, ; E'j^ r x>sa©^S:fl!fflbfc. &m\t> fig<J) 

0. UmnHOt'J^T^S. H/fifc^O* 
#*i::«M:b. Si 0K^J;?/«£fS;J£#2 o £Kitb 

30 fc. 0 1 0 l-^T-trilw. f&M&2 0 £SftlCtggU 
Btj^bfc«fcplCbTfl£^#2 0€rA-^>7*-rJH^ir 
Sltbfc. 1 9 5 0*C©i§g. 2 0 Okg/cm 2 ©JE 

T, d©j£JBH££*slfi£b£.. 

[0 0 9 2] »6hfc«a#©»»tt««Jiflll©*ffi* 
««U0Xb. jft»tt««J14©J»S*lmTnib&. M 
© 9 B B ffiffi*> "7 ->X > if-b > ^ — ir J: o T7L 2 ?r 

40 ©ffi^SSIS. 9 8. 0 %&UtT£>ofc. d©SI>m5 L ^ 
•>^©-+^14. itSt42 0 OmniTi&O, JP$H8mm 

[0 0 9 3] H©»*?+3/^ ©#»#*» 6tt»ft«) 0 
Ulb. ^WSrfr^fe. *r. *6iS14lgSlg4©fei(ll4| ! i 

afeTfeofc. cinic^bT, 3t» se^ 8 w<D&mt> 

Hfe^ti/JblS^fiTfetjfc. ^©&SB^©jS^«5fi43J; 
i;eiMa©»#f'tS**iJ:rX7c , #^*T©IS*«. mU^b^ 

[0 0 9 4] ^fc, !6Si£9S«Ji4 SrffifiJcT *&&<*© 
50 #«l8fii*li. 8. 9X10' ' O - cmTJO. SP« 



19 



2. 6X10' ' ~2. 8X10' * Q. 
•cmtSD. *6«4««Ji4«fc0fcSL<*«Sffi* 

[0 0 9 51 16«t«mii4*J:l«»ffl»8«» 

*5^-&^tf>iSg4ttt2. 0 0 5 3 ± 0. 0 0 0 1 T* 

fc. tt»tttt«JI4K<Sl»Ttt. gtttl. 9 9 8 0± 
0. 0 0 0 1T£9. \±-{7&m*±Z<* 

[0 0 9 6] CODtim^^y^ro©^^^. iit£f£^9 

^TifLt. :oa*. m/i*5 o o vmvisttm 

£\ 10 0g/cm'«±C!)St^f^S-l,*Lfc. 
[0 0 9 7] Z<Dm&&m%,E4Zffii&?Z>m<t 

7)\'S.-?Mmmz-z>^T, 3 o ox:To#ai«jft* 

&MMl>1ttt*>, 5. 0X10' Q-cmT$pt 



( 11 



[0 0 9 8 ] A) HJtMl tn«fcLT»« 

£J 0 0kg/cm' £bfc. 



[0101] (JttftHl) Xlfll IC*V»T. 
U-7.i$cDrgg£ 1 8 0 0t;iU JE^J* 1 50kg/c 



[0 10 2] 16attR*)i4A»6«J>5HiUfc«»#©ffl 
*f**»i9 9. OXBLtTfcD. ttflffifci^li 6 . Ox 



10 



20 



[0 0 9 9 ] C o LTWStlfcft*?-* y 5 SffifltT-S 

*a#sisottii/. ft*»#o»« 

3C»#ftTV*. *efiO*ll*2 7FO«*t*flEtt 30 
99. 8 %T*D. £fflK*tt-&#f8J£fiiJ?5tt8. 9X 
10" Q- cmTfcO, ESRT.^ MUC&tt** 
K>aiil. 1X10' ' spln/mgtibD. ES 
RT.^^ hJHcfctf-Sgfiltel. 9 9 8 0T»oft. 
[0 10 0] -Jjr, Se©JKIS<*2 9D©*|#&-gl;t9 
7. 8XT*D. SaC*J»t*#a»IS*tt2. 3X1 

>SSttl. 3X10'' spi n/mgffet), ESR 

7.^27 hJHCfctt-Sgffitel. 9 9 7 8T(feofc. I 

fc, *»fiOf»lfi{*:*»6<i:*«»2 8C*«*a2 6IC» 40 



) ftffl¥-l 0 - 7 2 2 6 0 

20 

1 0 1 ' Q • c mT.* 0 . mtZZ tT>»tt 1 . 2X10 
1 ! spi n/mgT&fl, B5IEglll32. 0 0 4 9T 

9 9. 0%^±T*t), #lg*iJnS?l3: 3 . 0X10' 4 
Q • cmtifcO, Bl5§S^fcf>Sli2. 5 x 1 0' ' sp 
in/mgt^O, MIEg(ili2. 0 0 6 2T$)?fe. 
:<0Mft7*l:»LTtEi5 0 0 VEniaL/t^^- 
cC)^^*. 3g/cm' -VSbnit. 



[0 10 3] (JtttW2) MM 1 IC&UT. hT" 
UXPSWggS- 1 8 0 OttL, flE:ft£2 0 0 k g/c 

m' iu i 8 o ox:-v<DGmmmzsmr B iti,fz. . z. 

TUS.£4:£JtlgLfc. 



[0 1 0 4] IMH£'MJ|4*&tt9tUlsfetttt*«>ffi 
*fSffte9.9. 5%«±T£>t). ff«fiSt*tt4. OX 
10' ' Q • cmTfe'D, B3ieXt>3S«2. 1X10 
11 s p i n/mgt'JbD, fi5?egtel3:2. 0 0 4 7T 
fe-pfc. 3tJfg5»8^e,«Ji3 , ±iLfcM^<DlS*f^a« 
99. OXKiTfeO. #««iWftt4. 2X10' 4 
D • cmTSD, 81fEXi;>Sttl. 2X10' ' sp 
i n/mgtfeO, HtllEgfii«2. 0 0 6 1T*7fc. 

©K#^li, 2g/cm' -?$>ifi. 



[0105] mt&m2) mmmwz^T. 3v7"F7 

\sAf%<Di&m& 1 8 5 0*Ci:U E*$:2 0 0 kg/c 
m' iL, 1 8 5 OTZT-omtfttffiZ 5WfliLfc. d 

CO«g*,- 0 5 (a) 



[0106] i^*2 7AOftllBISftTtD. *B*fS 
SIJ9 9. 5%£A±T-*0. #«fila^«8. 0X10 
' ' Q • cm-Cfet). tSie^.lf>Sc«6. 9X10' ' 
s p i n/mgTS>0. ilEglttl. 9 9 9 0T*o 
fc. «E^«:2 8 AOeSSteUffifiT*?), *B*f&gte9 
9. 0 SfctUiT&D, #«Sln*B2. 3X10' * D 
• cmTSO, tdE7.tf>S»4. 2 X 1 0' 1 spi 
n/mgT$0, S>IfegMli2. 0 0 5 1tS^it. C 
+ ^i7lC^LXmK5r5 0 0 VEPJjdL 



[0107] (HSS0iJ3) *««lfc*V»T. *vh:7 
U7>B§©igg£ 1 9 0 0tiL, flE2)£200kg/c 
m 1 iL, 1 9 0 0°C-Z<D&imr$*3&i?Ht Ltz. Z. 

31 ©MS, BS (8) \Z7K?£otmmW<D$i*i*tt 



50 



[0108] &mmnm.m4frc>woiiiLtztm&2 7 

AOfeHttttfiT*D. tt»SStt9 9. 5%J^±T$. 
t). #«lfi»iJPtt2. 0X10' ' D-cmTfet), mi 
SEXt>^«7. 5.x 1 0' 1 spin/mgtfeO, 
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ITOfSgBttl. 9 9 8 Sth-Dtz. 3£JfSP»8^€>«0 

9 9. 0XK±T*O. #«Stft*K8. 0 X I O 1 '■ 
Q • cmT£>0. mIIE7.hr >fttt 3. 3 X 1 0' 1 s p 
i n/mgT-&9, mriegM«2. 0 0 4 2T*?fc. 
:o»*ft?^l:»l/T«ES;5 0 0 VEPfloLfc^ 
1 2 0 g/cm' Tj&ofc. 



[0 10 9] CiUT. *y h7 

U^^CfiSSl 9.00tiL, ffi7j£10 0kg/c 
m' £U 1 9 0 0t:-r©«*ei8J*5«Mtl/fc. - Jl 0 

0 5 (b) KiRT J: 3 



( 12 ) &H¥l 0-7 2 2 6 0 
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D©&«»il&fiT*D. tt«««49 9. 5%m±T* 
0. #«Sffi*ttl. OX 1 0' Q r cmT*0. W 
IS^tr>jRttl. 1X10' 1 spin/mgTfc?, 
WfEgilttl. 9 9 7 5T*-pfc. £8##8j&»&«J»3- 

7. 9XT*0. #«S#i2£li8. 6X10' * Q • c 
mT£>0, Buie7.tr >mtl. lXlO 1 1 spin/ 
mgT*0. fittEgffittl. 9 9 7 5T$Dfc. 3(7)61 
v£fc:»L.T*fiE*5 0 0 Vfllj||Ol>fc«S©ft# 
1 9 0 g/cra' TSofc. 3li£0J5 Ktt^T. 
#y hyU7.BS©I£:&#/hS<fc-3fcw£)&>S, Sfi© 



[pill] (X1EM5) HJ60J1 Kl*V»T. *y hT" 
U7^©iBSS2 0 0 0X:tU E^i&2 0 0 kg/c 
m' iU 2 0 0 0"CT©«itP?ra* 1 RMt L-fc. i 
©tett^liEfl] 1 i H*,K LTMft y £ 
COD»*, 06 (a) eK-f£3&ttt&tt0#**4rr- 
jjgaM^lfc. ; : 



to 1 1 2] mmammg 4fr£>tyK)iiiLfzmu#2 7 

CCO&mm&T&K). ffi»SSIi9 9. 
0, #?mg#!^te3. 0X10' 1 D- cmt*D, If 
!E7k*>&te8. 2X10' ' s p i n/mgT&0, 
StfEgMtel. 9 9 7 9tfcofc. 5£f$BB#-8^£>gj0 
lBLfc«ta#'2 9 A©fi.«l»iBeT*.D, *§*f£gte9 
8. 3%T«&"3. ttfRSftW*!. 9X10' ' Q • c 



mT'&0, BtfH7.tf 9. 5X10' 



s p i n/ 



mgT^O, fitSEgfitel. 9 9 8 0T*-3fc. i©# 
y^ClftLTmES: 5 0 0 VEPJoLfc«-&©Ka 
ftte. 2 2 0 g/cm' T&ofc. d^LfcBft©*** 
#©±fi£te. #y h7V7Sg#2 0 0 OttifSOi-P 



[0113] CSt*«6) *K«lCfiV»T. *y 
U-7B?©i&g£2 0 0 CCtU E*^ 1 0 Okg/c 
m' tU 2 0 0 0*CT©£J$[$r.3£ 3^MtLfc. 3 

16 (b) CSrJ:3ftttiMI:®ah***f 



[0 1 1 0] 4a»&«DttiL&*8#2 7 

B©fi«ttl6fiT»D, «»ffi*»9 9. 0%£*±T& 
0. #tti£fiW«3. 0X10' ' Q-cmT*!). fit 
IE7.£>&ttl. 1X10'' s p i n/mgT&0. 
fitSEgffittl. 9 9 8 OTi^fc. 3:tSgB#8A>£>«]0 
LfcSIS* 2 8 B ©£WttHI6fc-C«> 0. *B#ggte 

99. o%«±t*0, mmtn.m*9. 0X10" 20 

D • cmT$0, fitfE7e>&te3. 5X10'' sp 
i n/mgT&0, BtfEgM«2. 0 0 5 1 Ti&ofc. 

©©Jirftte. 2 0 0 g/cm' T&ofc. 



JO 



40 



[0 115] (SJS01J7) HJfi«lC*t»T, 
U7P#©i&g£2 0 0 O^t U EEAS15 0kg/c 

m' iu 2 o o o"c-z<Dmmr$&sm*ii: Lit. z. 
£ ©*£:£. 0 6 (c) ic^Tck?&^is#©#^£*rt 



[oii4] ie»tttt*B4a>e>«)0ajLfc*i*#2 7 50 



[0 116] *6^ttSimS4*^«I0aiLfe^{*2 7 

E©feiafif£feTS>0. 9. 5%jea±t* 

0. ff«filfi^«9. 0X10* Q-cmTSD. fitSE 
*tr>&te2. 1 x 1 0' s p i n/mgT*D. fit 
Kgffittl. 9 9 6 lT£o/t. 3c^BP»8*6«)0aJ 
Lifc»IH*2 9 C©feH»iSfeT*fe0, ffl»SS«9 
7. 8X.T»'D, #:«S$t^«2. 0X10' 4 Q -c 
mT*0. Bt?E7tf>»ttl. 2X10' ' spin/ 
mgt^O. fitSgffittl. 9 9.7 2t$t)fc. £©# 
m^^^^»C^L.TmBE4 5 0 0 VEPlJDL,£: *§■£©!»* 
^)«. 2 5 0 g/cra' T$>r3fc. 



[0 117] (3U601J8) WT©«t-5»CbT, SBSKS 

<tr7;usn^A«t»#t«iSL.fc. gteTvus^^ig 

LfcWK«l&3|e*ttJBl,fc. ftWJfcK^T, Si. F 
e, Ca, Mg, K, Na, Cr, Mn, Ni, Cu, 

Zn. W, B. y©-^^s«. tn-eniooppmEt 

TTSO. 7>5-^A«^©^JRtt. cn&eifl-KM* 

[0 118] |fcbnffiJ*»** CI £K J: 

oT, R&^tt©J5£^#£SSitL.7i:. 01 0 

ffi$*U 1 8 0 0"CT2RfFb1, 2 0 0 k g/crrf ©JE 

[0119] zvunzmmmistz. tztzL, nmrnfe 

S* 1 9 0 0tiL, 1 9 0 0|CT©£8B?n!]S:2P5ra 

ti. sisigTT-fi^t. 'c©»'*, Jiefe©s<b 

10' ' Q • cmT*ofc. ESR©gffi«l. 
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9 9 9 OT&ofe. 

[0120] mmms) B4Cjj*-r»*?-* -yzzm 
as Lfc. ' MTi&itm \z ci: ? xmnrz^itTJi 

$*£&fflbfe. Z.<D®mz&UX. Si. Fe, C 
a, Mg, K, Na, Cr, Mn. Ni. Cu. Zn, 

w. b, y -tn-rm o o ppmaTTi 

fc*>?fe. mStLTti, t'J7f>BO*ll!*ttflil/ 
fe. 114)0 . SmmC^'J ^t^&S*. 1 -Y 

^ISfeB 1 5#©®/rCf^fe*&ilS££fflLfe. d© 

•5ICLT, COfiJ;JB#Sr. 1 9 0 0tOj§I, 2 0 0 k 

[0 12 1] il&nfcglittOfel^RttJIMOSOS 
ttttlOXU ^ittg!II4CiS*lmmiLt. M 
CD*1E««> 6 "7 > i?± - \Z «k -3 T7L 2 £J£ 

9 9. OK£LhTfc?fe. C©»«^* 
•y^O^-ffi)*. IglJ2 0 0mmt$ 1 t), J¥2tel2m 
mtfeofc. d©^? 1 * v£©K^r;>3£. SSfB©JIJ£ 
«l tfi&KLTilSlJgLfe. 

U £S*>e>3 0 OtSTl 0 CCP-aPST®^*^ 
Lfci^5. t»-rn©i&SH*JlsTfe, 6 0-1 0 0 g 
/cm' ©&5g;tj£;^l,fc. 



[0 12 2] ;r©SWK#tta»itfl:©#:frtt. 0 5 

(b) »c^-rt)0T*-3>t. jfiigtsigmiiA^^ioaiu 

fe«SJ§#2 7B©£SSH:g&eT&D, ffljttSSIJ9 9. 
5%&UtT£.t). a»K43»j*#««fii*ia5. 0X1 
0' ' Q • cmfSD, 3 0 0"ClC*^-5#fISln^« 
2. 0X10* Wig* tf >f&te 7 . 5 

X 1 0' ' s p i n/mgT&O. iflKgtetel. 9 9 

©6«ttJR»eT*«), «J#ffiflEI49 9. 0%£X±T& 

d. aafc4sw-s#aaa*tti. ixio 1 * q-c 

mTiO, *tffi^tr>3Stt2. 1X10' 1 spin/ 

mgt^t), ttlggtttt2. Q 04 4t^^t. 

[0 12 3] &ttmo) £fe. ±ffiU 

tiofiw 2-8 \zts»Tt&mtiLn*m**ti*timtit,T 

Z&&<t7)\r=i-OM&%mzz>^T, 3 0 0*CT©# 
W£St*€:ajgUfc. £©8*. 10' -10' ' Q- 
cmlCfiTLT^S ISLfe. 



( 13 ) ttM7l 0- 7 2 2 6 0 
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[0 12 5] H©fe*, 06 (c) E^-r«fc5^t«ElS«: 

(499. 5%^±T-£0. #«&in^ia5. 0X10 
1 ' Q-cmT*»). Buf27.tf>&te8. 5X1.0" 
s p i n/mgT<&0, ftSE g lite 1 . 9 9 9 0T*-3 

fe. 3t»fiB»8*>6«offibfc*e*2 9 crofitEiae 

10 2. 8X10' 4 Q-cmT<&9. ItlffiT. tf >&»4 9 . 
5X10' 1 spin/mgW3, SUKgffitel: 9 

0 VEPJoLfe^©©^}*. 130g/cirf T&o 
fe. 

[0 12 6] *3SfHC*JUTtt. «A.tfH5~H7 IC^ 
LfectSK. &JRtttt *ftj*'««9 9. 5 

X«±©Sft7*S = 9A«tt#rtlCfi£S-B-.5 d tic 

iot, ^•y--i , ^;i'©^t)3lU.tc^LT©ijiA.tt*^± 

20 [0 12 7] Sfe. **fi-&*rfc*V»T»4. Sg=©g*J# 

m<D'ptt< th~&#** m— ©§&#©*&&#«£ b t>« 

L<«, ffi*fffiSE9. 7. 5~9 9. 5%W^#tc«k^ 
Tffifi£T-5 3 <h#T€r£>. CtllCi-^T. ^-«S?^fl'J 

3. 4tlC. 06 (a) , (b) , (c) ic^T.t'PlC. 

fflMa9 7. 5~9 9. 5 %©e-fe*fc«a£Rfe 
©f&i^KioT&JSLfeii^K^ Z\<D3Z&U#M 
30 K. *rp£JfA-r*fc©©i? A?L£^j£-f *fe©©«« 
mBJLtf®%lZfj.2>. 



[0124] (mmm 1 1 > jucm i ic&^t, * y b 

^U7^©iSI* 1 8 0 OtiU E*t2 0 0kg/ 
cm' tL. 1 8 0 0rT'©£#l$P££2lifP« t, <i:Lfe. 

fe. M»fifr;^$l!»S!HLfe. fefeU 

Jtusagsi 9 0 0*C£U 1 9 0 0ttomtS|f B ^ 



[0128] (HSg^Jl 2) ftftMl h 
77V7.IHJ<a&g£2 0 0 O'CtU EA*2 0 0 kg/ 
cm' iU 2 0 0 0*CT©«}#P#p B '3Sr49tP B , ]<tbfc. 
CI ©teteHJSflJ 1 tB«KLT»m s J'+y^«: , HiSU 
fe. CI©*g*. 16 (a) IC3K-fJ;3'fc&i$#:©##* 

[0 12 9] ^tt^^/^4^b^)t)tBLfe^^2 7 
CcOfel^tiiSfiTS.t). ffi^Sgl49 9. 5%^±Tfe 
40 0 . #«&ta35te 5 . 0 X 1 0 1 1 Q-c mT* 0 . WS 
\ ie^tT>f3:(49. 0X10' ' s p i n/mgTM, 
StJfiEglltttl. 9 9 7 0T*ofe. 
[0 13 0] C©^{*:©g®$:^*-1'-\' ; t> K^-7> h 

^T, JS?illi|E7t!iST*i3. «W4;W5*y*>^© 
MT$5. 3 5 0~ 3 7 0 nm©jfji*fM^»C34Hcf— 
i7*i$>D, 6 5 0~7 5 0 nm<D&&mmzmmZ-i? 

50 [0 13 1] 01211 ^©tttS^roWiffiC-fe^Sy^ 
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[0132] ut&m 3 ) mTz&tmzj:-? xm z ntt 

Si. Fe. Ca. Mg, K, Na. Cr, Mn, N 
i, Cu, Zn, W, B. YCt^IU. tn-fftl 0 
OppmHTTftO. 7;US^£A&W©&«12, :ti 

9 511%i. -iy MJ7 5fifi%<!:£ig£-Lfc. d© 
9 5 0 , CT41%fS]j%JSEU 



CO 1 3 3] C©flM6«:©feim2i&fiT*D, 
129 9. 5XBUT*0, 7X10 
11 D-cmTSD. itiiS27.fc:>gU2 3. 8X10' ' 
s p i n/rngtiO, f&SEg«H22. 0 0 0 7T$o 
ft. • " 

[0 13 4] COjftttttoaffifc^-V^M— * h 

^ h;Hfc«*U *©*s:££01 SCaiLft. d©ag 
S, J33 4 0nm. 5 0 0 nm. 6 0 0 nrnK-tn-fn 20 

[ 0 1 3 5 ] 0 1 4 12, d ©*&S3#©KS©-fe 5 5 v 9 

[0 13 6] Sfc. Hlfim 2*J±mt«0j|3W&«Bi£ 
(frK^UT. (E P MA) »C 
«fc -p T6£?ft £ -f ? h U •> AH?©^S <h Sr^JS 
L*:. £©»*, Jt«»*0-f s» HJ7£5£S%Ss;bO 

«ELTV»a«S»tt, -f »hU7*«#<ELTIf»««»ttt- 30 

taraabriifc. ;:©fi&gp#i2. 0 1 4 ©j^atsam^ 

[0137] 

7;US^i»S/4>£&£S**©4 3 K:&JP&m*£St£Lfc 

fc*ifcfc*ft7;us=<72»tt*S#43 + yf* 

[BSaffiJUfettig] 40 
[Ell] ^IBWtafflT****^^^^®-*^** 

[02] (a) »2, HlO»«^+y^©«Wrffi&a%-T 
ftftHTftO. (b) 12, 4*«**-f**« 



( 14 ) HWl 0- 7 2 2 6 0 
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0T£5. 

[03] (a) 12. Mtl/T»aft^>y>J'^^* 
UtStWMOTftS. (b) > 12. IStUfffflT 
f5R)g©Sfil 5*3RT«SBT*ft. (c) 12, « 

[04] *3E91*iBfln!**fc-*-tf#©»*?1rv 

[05] (a) , (b) 12. -enen, *^BJtC«S^ 

10 TJ2>. 

[06] (a) , (b) . (c) {2, -en-^n. *£9J 

[0 7 ] *5E^»C#*&IRS^«©Sttrt^*5^*S«l 
[0 8] 7JbS:i9A.fcffiO#^£©iS-&«tt£. ES 
<fe -5. 

[ a 9 ] ■ a y - k ;i> s * ? -ir > * © *a * Bwrr * a 

©^SC0T$.S. 
[01 0]-*«W0D*Kfi«»«;«itt*©K»a** 

[0ii] *5EM«©aft:7;ws=i!>i»«|t#»c-3t> 

t, * v - h;v5 * 2/ -t >* © mm&&t:m-r if ? 7 t 

$> -So 

[012] *»9J«©£{fc7JVS=9A*»tf:©-fc55 

[01 3] . Jttt^jfcT**, -f^h'J7^51I%illl! 
LfcS<b7;U5->7A«l^«:lC'PUT. *y- K*5* 

[014] tt«»*T**, -fs» h'J72:5mm%^J)0 

[*Ht©i&9n 

1 s« 4 6 

83£#BB# 15A, 15B /t>5=- 16 
7.U— 7" 17. 19 A. 19B 
-f;U 2 5 A, 2 5B. 2 5C. 2 5D. 2 5 E, 2 
5F &JH££# 2 6 &Wk%M 2 7 A, 2 7 
B, 2 7C, 2 7D, 2 7E. 2 7F tsfeSfctelta 
&<Dtii1&W 2 8 A. 2 8 B, 2 8C H»fc*fc»2 
Hfe©8yg# 29 A. 2 9 B. 29 C. 29D & 



( IS ) 



&ffl¥-l 0- 7 2 2 6 0 



[01] [B.2] 




* itTS -6-6 




[07] 



27F 



I 



[08] 



( 17 ) 



ftffiW- 10-72260 



[010] 




[011] 




300 400 500 GOO TOO BOO 600 1000 



( 18 ) 



*HB¥l 0 



[012] [014] 



( 19 ) 1 0- 7 2 2 6 0 

[013] 




g 



B 



